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If T'™ II ~ = sup<r( T„0'eu)) 
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^«i£Sfc&di7 v,mz ~2 

J&mtQ 1E&% &, M ^2 ffittUTJ ^^1*7 ttto 

il T rt . !l 2 

II J!„< 

y AS^,JRS AiWJSl 

II Ail »< l l7o -*-** 


A 


G 



w jit, at ja ^ „ f£ fstft 16 w te m at te ^ £- raj @ ft—-t- ® e w 

tftajW#T r «,^-5IA r*tlfH5®f(Neva n linn«-Pick J# 
ffitft)iS# -?aifc A fife [Saras*,n, 1967; Adatnjan ®f : , 1978; Ball fll 
Helton, 1983 J = & ® IE 5B ifirisi W Si Itll X B Ilf ;£ fnj St -Q- fp 

Aik'AW.* j/„sifefiis#aA- 20 ^^^esn^yiH 1 
ttiSSW*-afeiS±^J6fwWMaf?fi6^3f£o 

ft*#: gjs » a/^ » ffl ( mi.mo) ^ „, fsj m, wj ft *fc^ w if- 

WWAW^aglJT® ^ 2 (iJi LQG)3ifc-fe 20 -ffiffi 50 if ft fr MSI 
«^apt#o 

T&fellt WAIT, rti Doyle[l984jS:SWS5 --^ Ml- 

MOrf„:ijrftffi$J|nJ@!fl4iflS.{£flt ASIJff.hfiKiilSli^p.ft,&S1 bJ A& , til 
WffiMTo 

s+f £ffr» itflSKiitS T ft 

SM^ff-,a#StWMS4t,A Nehari/Hankcl tfj&tfcfnj®,&—13| 

Glover[1984]^S:^fi<j4*:^^|B] ifSIf, [Francis, 1987] 

MFrancisW Doiye,l987]#Sff#7S:—)*&,, tSffil.S— 












#- if] ic ii 
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JittgT/vibjhited^n/vibbb^ 


r^u xmamm, 

-fr® »ja, 5 ttm Bt*«M & «t w* m ^ *ulw m & m t h 

iy_h Hankel WSOJft Adamjan,Arov ft] Krein 

[ 19781^1 %tH (flit Hankel ffi«j£ATM*safitetitAgi*(a 

asg#®* Hdton n-m,wmr Kimgfn 

Lin[ 1981 1 a R Glover[ 1984 ] gif « @J tf) f* & $ l'SJ * iB £ $ * 
B*o Glover[1984]»S:*^dJT— 

mm , m ¥ mxm& a Moore[ 1987 ] & fi a p$ ^ m ,4t w, a —h 

Glover *1 Doylc[ 1988 ] fl 3t ft B (& & it T — « +# ^ JfH # f# ill 

Khargonekar,Petersen,Rotea ffl 

Zhon[1987,1988]»lAfiife*>Mfe*MS«r^«lA-fe^» 

^fnKFwraia^fpftikRiccati jTftuikmn 

tGfSft-Wrti Glover ft Dcjlye 
[ 1988] ^ j r? ft Doyle,Glover ,Khargonekar ft Francis 

[1989]fi&tB= 1Sg£M&tP*SHJ 0 

ftSST Redheffer [ Redheffer, mO.'Bftfrft 

^ tt4h3;'3Ei& ^, ffi j® B ft rn — if), £$ ® ft lit is B(SM jEH g „ 
^WftESIJin WLUems[1971]fflS!lWSmrei 5 -«EaWtt^S 
isix*,tfcj[pae#«»«^^s;(^s n || G || „<i),R icca ti as 

A«*m,ft 16.12 ^ 
SSft a ft ft 

4 1 A T if ^ , It An, Whittle 

[1981, L990]MM.l6tt«ettl,tt^ft«(#A Basar ft Bernhard 
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[ 1991 ], Limebeer L J 992 ], Green fli Limebeer[ 1995 ] ); j — 

(Green [ 1992 ]); Dym ^0 Gohberg [ 1986 ] A M S' 

(## Mustafa * Gloverf 1990]), tti&SfS) 

WK*#riij9tK*KM®rf!i mm m,£ 

A«.wff£*T 

fiffl+KlEflW—WffiAliWSJStliffi&TISi'i ■=*/„*? 
WKfife##. 

W#»tt;iS;fT#}j£©, ifcun ®iij &# iftffllS±, BPS#*® 

ffii&ajT—SSARfa] ,Sfi#T'b 

iSSM|nJSl»W®,®^ife#^lSr^;j[7fl<;gSlJ|S 0 
WttSJUo *^i+0fa®J69WW*-6;^i’tl»yiH—MB, $—# 
=v=oP i Ififj®* J frfe,'E&Hi T— 

nM-nm&Mmnw^jnin awrnm«ng+ 

P SHfrA-HKatt?**«>. a 
WAftH: Etoyle[ 1981 ] tt) W, IS * It## ''fr ^ SS Jg ft W, iS Jfe 

4 1 lsJ4^®i3ff Sftij# nTiliS—-■'hSig. g ^)*#f‘t'^u® 09SS!^S O 

£ 2 ^•#?£»? 

JilS&T 2\ M — 'f -Hilbert X R , A jj 

fflAA#l)sfl&5— ®S?iftfii:®)SniR,lil<§XilffiRflil,ii^- 
^~aifei i i < )2S:M,Pe ar5 on?Pft&f)fi-f1--#]naaTJ6tp 2'„ 
^•^?£#tWW?E(#ill DahlehCmSjKl-ISMfSJ 7 U U W 



- TT 


JittgT/viWiit^d^n/vibb^ 


1.2 


- 4 s «im # w sa?. * w *k# * e a x a 

js—^ s w, w w** 

#aij£ r jtfrm- 6&ir\ 0 

®inn,XTitm Riccan 

+“i*o 

h-UN -s'Btl? 

*S. WiaM$t^&&‘£iSLtE.}k4t1i%M3lBt ,%$&&&&& 

a-4$i£o $LM,p,>fifc t? +w--»aais#fM 
■&—lh£T&JSiim {£$=&& 
H i.2fflBS«a7:S7# 

7^^-t: 3.9 i!i\tei£ffl:®<gH7#. 

m+ra#B=f 13.2 Tffn 13.6 

&s#*8>j «• m, ® u a *sis**^ « * if „ 

•suttw^nt^staife^-H^tc 
•mm^ ; ^~AM a 

• * 0 






m \.2 
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14 

x~ i—isra-t--^ a- 

^2 W=>/„ffi«WftgSE,Kf*lSTiI«-a# I -- + %?:„ ft-:*- 

tS^t,®iL#«|-flS*(5.1-5.3, 5.5, 5.7),^+^,|S + Z:^ 
(l*T 12.6)^-t'-$(W-W^Hl3.2,l3.4,i3.6),*! + 3u#ia 
ASS+A#. 

3 . 9 *$ 
a, a ffl‘* 97 W ^ M 5F ^ tt a A # # ft |HJ s * S W - ft f§5 
dt o *1.1 5llillTf^*-^#»iSsgMAftBIiBWi£»o *f 
S#J»PMfr»lSS9rut«i* + j9fftiStWSF#Kteft ^.»^»J65« 
^iysapsi»*i#a!iHW6«i rf„tefiiniw^^: c 


* i.i !*#«*«« a#-** «*#(#* ##*«**) 



<=*«©#■! 


&mR 

4 

4 

12 

3.9 

5 

5. 1—5.3,5. 5,5. 7 

13.2,1.1.4,13,* 

7 

6 K 

10 

14 

8 

7* 

12 

15 

5.4,5.7 

8* 

13.2,13.4,13.6 

16 i 

10. 1 

9 

14 11 

J 7 * 

16.1,16.2 

10 

15 

IK* 

17. 1 

11 

16 

19* 

19 


1.3 *"fS«®j£ 

‘S-'SW3fe8^B'S:inT 3 

M SSfiST ,j£®i£i£&3ft ffi, if 4)tfa« 
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wr lie ttamrawT 

it"! 


- II r x 

B i 

ii 

mm 

* II L c 

aJ 

= max 


[ C A ] i| 


#*IBT4t#*fltM(l)c«;lW)Xo 

m=mwmTmil ,*mni . 
ams n ma k* . m, at as a &. m mm. & m \u & « ra 
mm. 

mm G(s) = [ ( ;4^]ffi»SPT^AM BlKtt Gramian Sift P fit 

aiffltt Gramian Sift Q ff- 6S , g|J P = Q = S = 

dia g (a 1 , ff2 ,-. a „),J(^,P,Q S5SlifFW^*g : 

AP + PA ' + BB' =0 
A‘Q + QA + C*C = 0 

3S04f®XT;i'f-ffir*}»liS».R di 2 $Hfl) ^„Sil«Io 
7ft^H»ttAfif^T-^»®*l£W»Ay«»[iiieiSc iffJIT 
w ^«.?sasta^»nrffl7SSE)it^*Aisj»A'fg5iw#WBj 
Min, 


w 


G(s) = [4j^J e *d!.,,g{t) = CV 4 'B 


<7 * « 


: fo. 


1 G 


11 11 ” I! w I! 2 

f II fif(i) II dt < 2^> f 


G II 2 - Trace( B * QB ) = Trace( CPC * ) 


ffl 











JittgT/viWiit^d^n/vibbb^ 




II G || „ = max I y : H f 

H.1 A "“''’"l 
L - C * C - A • J 

® .ft 4t $ | A T #B*i£T 3t«.S flitt.flBlf ff. „ 



M T-hjeEBWSgEArti&SW, TiCfiS,*: 


l 

- K 

-l 

" (I - KP ) _1 

K(l - PK) '" 

p 

I _ 


pa - kp r 1 

(I - PK) ' - 


e 

>K) 1 J 

^s-ji at Bode Poi^n 

$* W ftt* it. tt®*Rfffl ■=PW®-# IS ft ftjfi *flJFfF * 
iistffi/Sigffiiw gut»® r , iisj Poisson * t 

{sjin,4" s(i)^-t8ia 
ft.ft 1?,- *ffl/£ft«,6ft 

HS "I 111 HEW 


l.- ; 


Incr ( S ( jw ) )doj 7 zA lnfni ( (Rep, ) fyrj * ) 

J5#£ £ A/#tt Hi 4- ^ A fir 553 IK? D 
Efrf&Ni!§fL 

A [ i A 12 : B \ 

G(s) = A 2 1 A22 ^2 6 

_C L C 2 D_ 
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Gram Ian & P = Q = X = 

diag(.£ 1 ,.£ z ),K4 3 

X i = diag( a i / Tj , cr 2 -"' *&A& ) 

X 2 = diag(<7 r + l f, +i , tf r+2 l 4 +2 * ” ¥ $GyL t .) 

fj*»rfm G r n> = f7^4 

L t j i_ J J 

,v 

II G ( a ) — G r ( s ) II oo ^ 2 ^ 

J = r + 1 

^ — *[Si ,# D »Q 

PA * f AP + £B * = 0 

Q(A - BD “ 1 C) t- (A - BD'O'Q + C' (D ')' D 'C - 0 
G = Q = diagU,.^) 


A n 

Bi 

Ci 

D 


N __ 

II G L (G — G r ) || ^ rro + 2a.(/I + cf^ + cf,)) - 1 

N' 

II G.^G — G, ) || ^ J _[_ (1 -f 2<J, (V^ + + cy.)) — 1 

iAfttl HankelfElfejEfKSK't 

Sfflo ffiWTSf —'f-S&S McMillan Bfr ft n BG( s )fS-t 
McMillan ISfrft /-< n fiC(i),ttS 

II G(i) - G(s) || n = inf || G(s) - G(.0 || H = a r +, 

artf^Sr—Do.teft 

II G(s) - G(,) - Do || ... < V a,- 

i - r - 1 

Nehari^Jl 

inf l| G - Q i| „ = II G || H = e? t 
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Stt«*c rsimtew m.mn&m# 

n a i „<i d 



w, f-SE?iASnt-a-^t$ift(LFT)„ vEmji'i-g&Pinmm 
m-m LFTffia?T#*tf4tao 

m(j)S5 

lft Jgst;, ■ / M"\Sl*f Jlfti - 

"M^SitWSWSI K(j) M LFT Jgit,, 



tffflT-t^asttsajUsswfts II a, ii „ < i « A,e 
•*=*«, is**# am js , am <2 s #i ig w m s s ss w m w * # a 



SS I — ■f'&MtfjtjijtMiJt <l; C .s-) frS 
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f^a,^#j(rc)N®ia^mm^th(oE>HMo ssitnR 
mzmm&&TinTm&z 

ri Mm ^ 


m- 




Mm 


G(0 


rGi,(s) 

^ 12 ( 4)1 


A 

1 F, 

£ 2 “ 

L G 2 | (s) 

Cr22 (■?)-! 

- 

Ci 

D lt 

D| 2 


lC 2 

D 2 | 

£>22- 


F L {£A 4- LC 2 A + £ 2 F 



^ Htft Riccati *-®CARE) i Ji^S^W|5)®:3&‘ 
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mfcmR&ft-te&mit&Mtpto&m* 3? a + Rxm.%i,m x# 
are 

A* X + XA ■+■ XRX + Q = 0 

3$^ 


^ (H> = fm [J’] 

K'f x.^jec' 1 " „ ?? x, ie*h,H!| x : -x 2 x, 1 iu h ns— 

$HE,S7HfR X = Ric(H)o 

ARE^aiSJW^^o &(A,B)JEffr®»,#•««?£ A Ilil 
hWWfiE-d.S^. f *W-§-*li£to(B|l R>0 sit P«f), IUR(P, 
A)#Jgtth**Bj5R#|fl9£&o ZSi. 

®<j) = [B*( — i/-A") 1 ;][ s P . ®][ ( ^-^" B ] 

Tfi 

Sf #f #69 0 < to < CO ,4>( j<8 ) >0 

IHiJEfp: 

(A - BR _, S" ) ‘ X + X(A - BR-'S* ) 

XBR^iTX + P - SR-'S* = 0 

Hamilton $£JS£ £ ju : 

H = [ A - BR 'S* - DR ' R " I 

^-(B-SR'S*) -(A-BR-’S*rJ 

ism 

X'Wf# to 0<«<OO ,*(><«; ) > 0 





http://vib.hit.edu.cn/vibbbs 

- 71— 


(A - BR-'S* y X + X(A - BR-'sy - 
XBR ~ 1 B * X + P - SR 1 S * =0 
f£#<r(A-BF l S* - BR~ l B* X)C=C_ o 

m ^mm 

<E> = -M~ RM 

M = [ A --f ^ ] f F = - + B* X) 

W*m^LQR*q -JJ 2 NMo 
^*RT: 



“A 

Bi 

b 2 i 

G ( 5 ) - 

0] 

0 

Dll 


-C 3 

0 2 i 

0 _ 




z 


w 



G 




H 2 : = 


A 0 j 

c; c t - a ' j 


B 2 1 

■ [Dp(\ B 2 1 

crDp 1 


A * 

0 


C 2 * 


- A_i 


- 


X 2 : = Rk (H 2 ) > 0 , y 2 : ~ Rh(J 2 ) >0 
F z : = - ( B 2 X 2 + Dy 2 Cy, L 2 : = - ( Y 2 C 2 * +■ BjDji ) 

Jf 2 II r„. I[ 2 
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Jitt£7/^bJiit£duxn/vib^ 


A + B 2 F 2 + L 2 C 2 

~ L{ 

F 2 

0 


m «/h H M, BP (mVCtelz m) J'- 


:*; = Ajc + i^u: + B 2 w 


s: — CiJ' +■ rj [2 a , ii) | 2 [ (T\ U\ 2 -. — [0 i ] 

H„edome)CJlii X„ = Ric(H„)>0 Etf 


sup min || z II o < 7 

»e a + 

_ _ r a r - b 2 b 2 ^“ 

ji oo - — 

C, C*i — A 

aBn,u = F«:r,Jtfi F„ '■ = 

^+A##jST*waiis+Ea^t+iniii wr^Jtj-jfe g( s )w 

tBT®i¥«efelSS,ffi?# II T„, II „ <7: 

(i) H„€dom(fi !t )*l X» = = R«c(H„)>Oj 

(ii) l„&dom(Rtc)^P Y TO : = RicO„)>0, J$4> 


/-:= r A " /- l crc 1 -c 2 *c 2 i 
. BiBi — A J 

(iii) p(X„ Y„)<y\ 

J3*K«n$ II II „</ 

.vH« A9£«5f$i§Sil$ 


Wnn 



A m 

- Z„L. 

z„b 2 

M„,( s) = 

F « | 

0 

I 


C 2 i 

/ 

0 _ 
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K* Q€^», II Q Jl -.<7 MR 


A„ ■■ = A + 7 ' 2 B,BiX„ + B 2 F„ + Z„LeoC 2 
F«o : = - B 2 * X„ : , Loo : = — y,.,C 2 * 

Zoo : = (7 - y _2 yooXoo) _1 

^ooS*!l|siSS,fiilt!cS:T±-#'t’» 

ESI,# RifeiiET-*® ^W SB &#*)**& =#„«»railo 
tfe#ESfffi»ETM Youla #»•&>!,-ft« W ^o,r5JM«j^rtt-o * 

35+A$1T^&7ffi]»»J®M«*'ffcfHl@o ^i> = m- 1 n® 
TAfiEWT 



,“ | [^Ju + PJO-fi 1 _ = (/f - II [N M] ||- H )-> 


^V 1 - II [N M] II ], 


P A = (M + A m ) “ 1 (JV + A w ) 
II [ An A lVJ ] | eo <! e 


«*+«;&, iiffl —^-me m it w at m ^ m$j % m w e • 
smso-*® itffi bo-em„ »»j?+:a; 
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JittgT/viWiit^d^n/vibbb^ 


fH -+#1f B ^ 7 » it IS £ Ifr K « M Lagrange # -? A 

SS^-1—rstttwra Riccati ^-^AWit^SlCB'flaie 





Jitt£7/^bJiit£duxn/vib^ 




Ta»ffi^rfiisii5^#^-^aji£5i3o ft*«w*e,*(nitvfe- 

su mm r®a&ftw«#w, 


2.1 m&ttm 

ft* ti'K.HJlR ***»«, 

i&C ,JE!?'" S*?-fctofiftSH.BI]* “ iij**..'." &Z‘ a « J-,, 

j: z , "■ , r* £}? " , a, £ y ai Jti + "* + ^ .r i , x 2 , "* T x k {± 

? F * x ls «-- T ^ 

-r! T JC 2 , ■■■ , .Ik in>J 

span | :r , , x 2 ,'" , or, k \ '- = | x = aj^t + ■ ’ - F : a T £ JK I 

a lt '",£i^f , 'S’ «i.ri + ”■ F cr^j^ = 0 , 
JtfJffcF " ^W-i[^S^i,.r 2 ,‘",j t eF IJ <, 

& 5 fcFF " (ft S .r 2 » ***, 

S “ span 3 .r j , x z , ■ - -, ,r* j T Jf![] i* ^ fq) M :r ] f 
3?S lft^& 0 ^fBJ S S 



#- if] -ib ii 
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JittDT/vibjhited^n/vibbbs 


m a-t-ftsgp* s 

dim( S) o 

‘f’W-fflfa*,*!#*/£?# 

ffllSlftfiift.'ffc-S-S.W , 

Kronecker S i=j Bt,S„ = l;^ i¥=j ltf,<S„ = 0 = Sg — & 

MI.SSlSj,-, S t *S)*F" x6 S,.y€ S,,i 

*=j U*.x*j = 0 ,nil# s 1 ,s 2 ,-,s 4 JMBJEiESlM,, 
a seif ” »—tfsig.i s 

S 1 : = l.y € f ":^'j = r £ SI 

% s +«-fflfi*i« 1 ,« 1 .»-,» 1( ifcij£ s es—t-a.^a-e-fns 

JE*W,JiiiJt:aia[tj*^ S W—"Mi£3So -t- 

S J = span) u ( , ( , , u„ I 

d^-S. I w* + i ,-**, l u i, uj,*-- 1 2 /^ I o 

a a e f - x - * 5 Jf - w , bp 

A-. *" >->■]? ”* 

(it*. fa* if? “ &"! gjF ” AS—-f , R 

A W*=KPp: 

KerA = N(A): = ’.i: e F":A.r = 0! 

a a* 

ImA = J?(A): = \y 6 F “ sy = A.t,.t € '• "I 
M$,KerA ft?" ImA gF “ ifffilS® 

,dim(KerA) + dim(ImA) = n , dim( ImA ) = Him(KcrA ) x c 
ffi*, ( KerA )- L fiV ” [a] „ 

a a ,, i = i,2,—,K 'Ma e?,iBij^fr 

ImA — span^aj ,a 2 ,•■■ , a „ i 

J£P$ A 





Jitt]37/vibJir^^ 


rarik(A) = dirn(ImA) 
t .rimkC A ) = artnkC A * ), 0 Ht , - + M 

f irt<* Hrank(A) 

= A n<m R rank (A) = 

n,wm a 

rank ( A ) = 

rank( AT) = rank( PA ) 0 

T&xft uey n ''\#'i£M?mfisu« v 

*W**0£? =R,mfoZ%!X-1L%m-)P&ffi& U' LT= J = 

ui/% wTW^ia!jswm»o 

IIS 2.1 i£ D- rrf,, d k l£y " x Hn>k)m& U"D = /,fip 
<*.,» = 1,2,-,* D ± e ;■■">'<" *>,{64# 

[P (Bft*) d lt i = k + i f *" t n 

\d l> d 2 r-‘,d i \m-^iE^C ^ 0 

3i«2.2 #igfgn$jfre 

AX = i3 

(i) 

00 13 ftftVl} €: Im A ; 

Oii) rank[A f}] = rank(A); 

<iv) Ker( A * )CZKer(£ * ) 0 

MTm\mw£w^ni&mnwfcx 

2.3 (Sylvester ^ ^ )i& A £ 'A m K " , B 6 ■ f! * k , M 

rank{ A ) + rank(B) - n < rank( AB ) C min I rank( A ), rank( ) \ 

ft,m j 
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Jitt^T/viWiit^d^n/vibbb^ 


tA = [ aji ]6C" x M A 

Trace( A) : = ^ 

i -1 

Trace( aA ) ~ oTracc( A ), V cr €r C , A £■ C " X,J 
Trace{ A + B) = Trace( A) + Trace( B ), V A , B 6: C 
Trace(AB) ^ Trace( BA) , V A £ C n>:m T B £ 


2.2 

(A7--A)W » A Wif t i 

tMnljl A ( ff(A): = 

iA lt A 2 ,-,;u* 

p ( A ) : = max | A f f 

mx€o{A),wmm& 

Ax = AX 

i-ec" ih a 

y * A = Xy * 

Jordan 

A = TJT 1 

K* 

7 - diagj J l ,J 2 ,-” Ji\ 

/ f = diag|J fl J l2 , — J im i 





^t^T/vibJnt^duxn^bbbs^ 


"A, 1 



>]' .S'V, - «, iA ; ;i -1 %j a 

&& TMTMM: 

T - [Ti 7\ - T,] 

T, = [ Tj, 7- fl - T ; ,J 

— f ^ijl ^ d; 2 ' * ^yrt J 

:8# Ar> 1 

"AT ft w 


( A A;/ ) ■= ( k J .1 -, A’ -::- 2 

*<«„ /<g a# 

3S&2.1 Ae^ R> Mf A fa Jordan P>W - 

^Jordan fiWfiE® , JWJ * A 

jM£jfei#,*n.^ A m Jordan //*, = 1, i = 1 ,*■*,/,JflU A 

j^aweio ass a &m 

3*A?U 


A[ JT! -.r 2 ■’■ ] = [jfl -r z 


A: 


L 


ftStttaT.A JMstoTM-HhiMf: 






- w- 


JittgT/viWiit^d^n/vibb^ 


A = 

{ -- ! 



l ' 

1 > 

uy« J 


= l>, 


^ ra ms r-j 

Wo *»,&$ a ^ge^ppa*ew-^®fflA 

in, A 3? Hermit *£#,BJI A = A MfcJ&mFMt& ,), flf A mait ( A ) ft 


A $J Hermit *E P* , J»J # ft ft* ig ft U fll £ *f # A , ffi ^ A = 
tMCT ,£4^1 U mn%A ft# ft 

fiMa 


^S2.5 (Cayley—Hamilton yil3M)i& A C C ’* * " , ini 
det(Af — A) ~ A R f fliA" 1 + *-■ f <a„ 
JWi 


A' 7 + a v A n 1 4 •■* 4 a tt / = 0 
^A iS^ 

A" + a^A" 1 + ”■ + a H / = 

T Miagt — , + a^"' 1 + ■■* + a„ , ■•* | T =0 

^4cA r 3 ? a 

SAec^'.M 


(A/ A) 1 det(A/ - A) ‘ RlA " 1 + K 2 A"- 2 h ’" + *0 




det(A/ — A) — A" 4- cijA™ 1 4- *’* 4 - a 
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“ * - l\[ - 


a i ~ Trace A Ri 

a 2 = -j^Trace( R 2 A) R 2 


l 

R i A + a i I 


a„ i = - —— rTraceC R„ iA) R n — R n -iA + a A 

n n - 1 

a,, = --Trace{^„A) 0 - RJi + aj 

n 

ft®. Cayley—Hamilton IT d=| 

SnTW^*«iU: 

0 = R^. + aj = A" + 0l A"- 1 + - + aj 


2.3 


A: = [ Al ‘ An 1 
LA 2 i A 22 J 

ffifin A ll *^#W,H!l A ^ 4 [TF 3 MB: 


r A “ 

A 12 l = 

r * ® irAn o-||-i A u 'A 12 j 

LAh 

A 22 ^ 

LAj.A,! 1 J i L 0 A^-0 I ^ 


K 4ft A: = A 22 - A^A^ 1 A l2 , ft. A *-«5r6fJ, S Rtt S A >J=II s - 

wfliife .tarn a 22 *#*#»,sw 


I’An A^j 

L A 2 J A 22 ^ 


r / 
i -0 


A 12 A 22 

I 


A 

.0 


0 

a 22 _ 


i 

A 22 A 21 


Jtft,A : = A„ -AtjA^'A^.ft. A *#^r#W,aft.aa A*# 


JfiFf A(A>ftc3; A 4 s A,,(A 22 )K Schurfto 
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[Ad A 121 1 An 1 + An'AiiA 1 A 2 ]Am A^A^A 1_ | 

La 3 , A 2 2 - ~~ L - ’AiiAn A_1 J 

ffl 

rAn A 12 ' 1 T A 1 — ^ 1 -A|2A22 1 

^ 2 ^ 2 ] A22 ^ J_— A22A21A ' A22^ +■ A22* A21 ^ 1 A| 2 A 22 *_ 

in* a v 


An 

0 1 

'-i 

r An 1 0 ; 

Asl 

A?2 J 

“ ! 

L- A 22^ A 21 A j 1 A 22 J 

An 

A, 2 l 

r_ 

An 1 _ An 1 A 12 A 22 H 

0 

a 22 J 


. 0 ! 


muA n m Avmjittift&w-jAm 

(A lt — A l 2 A 2 2 A21) 1 = 

An 1 -i- A 1 /A 12 (A 22 — A 21 A! j 1 A 12 ) 'A^An 1 

m^ 3ii, ft fn ^ vi mmm m t- 

detA = detA t1 det( A22 " AjjAn’A,,) 

S-jm.g A 22 W'j# 

detA — dctA22det(A11 — A12A22 A21) 

mm ,x* 

r /„ b : 

det^_ - dctU N + CB) = dct(J ffl + liC) 

, X't i’, 3 1 € C % 

dei( / rt + xy ) = 1 + y * .r 

2.4 

® x=[i,,]ec" F(x)ec 
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m F(X)^T X &}%%.££ 

A f(x) - - [afc F<JC) ] 




Jzz Trace | AXB f 
fJ A 

A ; B' 

y^Trace S AX r B ! = 

BA 

^TraceiAXBXl 

A r X T B T + B r X J A r 

-^Traee{AXBX T S - 

A r XB T + AXB 

^ Trace IXM = 

k{X k ~ v ) r 

—Trace] AX*[ 

-t 

^TraceS AX’ l B} - 

- Cx-’aAX- 1 ) 1 " 

3 1 , 

^^logdctJ^ = 

(X T ) ' 

a^ detXT 

j^dctX = (dctX ) ( X ‘) 

<3X det 1 X* | 

*(detX‘)(X r )-' 


ft^n ,®|t¥ A(a ) € C a6C 

dA _ r da i} I 

do L da J 



Mi @ 
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,MAB) = d_A B + A dtf 
do da da 


dA -1 

do 


= - A 


da 


2,5 Kronecker Kronecker fH 


1& A £ C w , B 6 C p x * , JJl'J A -j B fr$I Kronecker Xlfy 
fan/? ■■■ «i n tf 

| a 21 -B #22^ **" a2„B 


IB: = 


e c 


\A^Bm 


a m2 B ■** a m „£ 

A6C Bi %BeD ff> 

Kronecker 

A® B : = (A ® I.) + (J n ® B) e 

xec- x %ffl ve C (x)^^^ x ft 


vec( X) 





xec m 
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— U -—- 3J 

vec(AXB) = (B r (g A)vec(X) 

k = m JU = n.JtllJW 

vec( AX + XB) = ( i© © A )vec( XA 
a A€C, ">■’ ,D6C " x " , jtil# I A,, i~ 1, —,n i * A ww® 
{PE . f I*} ,j — 1 > *’■ J i * B , j*! 1 ]® tu T£nJ^ : 

•A®B = 1,2,2, 

, 7 ?I 

■A©B = (A®r„) + (»m ©ft® A; + 

ftj , i = 1,2,”*, k ; j = 1 ,2, ”■ , in 

•Si.r., n\h A mjy,,] - 1 B 

A®B SA©B tai«TA, + ft MWffi 

fa®* X,® % o 

3[3£2.7 ^JB Sylvester 

AX -i XB - C (2.1) 

#¥ xe:5’* > '”'.^iltel3 A,(A)4 A,(B)^0, Vi^l,2, 

■•' , re Rj = 1,2 , m 

WBjiflJ.S? B = A* , JllU it {2.1 Lyapunov ,# H.!- 

#*!*-#?, A.(A) + I J (A)^0, V?,j = 1.2.-,n„ 

SERB : mm Kronecker iRTT/ft A'@(2.1 )' ; -7WU/E 
(B J ©A)vcc(X) — vec(C) 

Saci3 b t ©a s*,B r © 

A Mf#ffittft®A.(A) + A/B T ) = A,(A) + A J (B)lW*a;.BfW^ 

t£j$ J7. o p 

T W-Sflitk® Lyapunov .6 E lE‘I© 

2.6 


■C" A *A 



3o 


JittgT/viWiit^d^n/vibb^ 


-t0 IK W tiC fa i , J^J M ■f.I M a 0 C , # A.T = A jt ffT ,4 f ajr ) ~ 

A(or) 0 x a** = 

a*x, v a --jKns.a-^srBi 

-res,# Ares ,jms ^jwse&a 

DM A-**., i$!#@ift,S *f A A 

T.s #,g|i ascs. Win, ioi ,z \ K er A W 

ImA li^A 

■•■’# *A Jr, 

»r jc##. [Sj wc , s&f # r ■ a# se iij ® ap^ ts # , jijij s = 

span|xi,-, Jt ;B A «)—#^3E+ii[5]o SfJSMs ,&A, = A 2 = 

••■ = A, %1 A ,x 2 , — ,x, AfflfiflOWilHloJmSiilT?!] 

~h e # 5 <j w r xifffi isj js : 

(A - A t 7)^! = 0 

( A - A t I) x 2 = .r [ 


(A A 11)Xj — .jc t | 

Jf-.B.AtS'f' WJ?r#®ftWp{iE|6i ® fli# 

J5C#ffijfc]it£|S&S l</<i , .r, e S # , 3? |H] s jf 

■^—'tA 2.1 tfi&— ifritiffl' 

% S £ — JPT/L^^lBjCg S- 101 ,^#Sl'el S 

a«j ) , # a* a-*$ (s'-) , n# & j- e s a a , ti<:m A. r = a^ „ 

* SC C’ *A-#$Oij#S|HJ,Spift A ® fa as .h#M't-#j 

s s-f- - 

Riccati#eiH)a)£»lt},S^^^r-S(Bl^fS#^# 

W 2.1 A JWSnT Jordan flUffc®. 
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p. 1 1 

Ai ! 

A[jti ~r 2 -rj _t‘ 4 j = [ j?i ~r 2 jtt, ^' 4.11 

! . 

A 4 J 

^►f.fiaiCO.AaCO,^ A 4 >0 o 

S} = spani.rjl S 12 “ span | x \ , x 2 ' S 123 — span < j-j , j : 2 , a*^ i 

= span I J 3 | S 12 = spaniel, x 3 ■ Si 24 ~ span \ j-j ,a' a , X 4 j 

S 4 = spanljr 4 | S 14 = spanl^i f ,r 4 [ S 34 ^ spanl z 3 , ji 4 \ 

MB: S u S it S 12 ,SnR A- 

^ ^ faj o ffa , [XI S 2 = span ].*-?[, S 23 = span \ j£ 2 , * 3 j T 
S 24 = span 5 .t 2 , x A \ S 1M - span jr 2 »jr 3 , jt 4 [ #fS7fsJ^| A-T^^Efr f- 
X 3 Xi %T\m 

a— s 2 s^j a - 

pg.inw A,r 2 € s 230 iapg^ 

Ajl 2 ~ Afg + j-j 

^ Ax 2 €s 2 i,wm$i * t & * 2 m ^ -4 

*2 ft O 

2.7 


m a -v *-ip|*sfHi,#a 

II ■ II XifcZtE x JiW-A-fflffiSSt.inSxjffi* .i-exftiy€x/e 

*JET*lttJSS: 

(i) II X || ^O(iEft), 

Cii) II -E II =0 j = OdHMftt ); 

(iii) II ax jl = U| || i- || .JfltttfeM a(-JfJS'lf); 

(iv) II x + y || C || x || + H y II ( 

II • I fll*—'t-SSSSr.RffiJE.W't'ft 
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t.reC * ,MJ£X J W ;>-?£««>' : 

il ■>' II „ : = ( 2 I Jr, r)'"\*t 1 < P < 00 
^S'jitfc,'^ p= i,2,°°w,*f 

I X II 1 : = 2 I X, | 

■ ] 



11 x )I oo : = mas 1 x, } 

Euclidean ft5#I ft 

r o il ^ if 2 

x mmAM Euclideanig»f 0 mum,*im\AmwfoM&mito 

tA = kje c-^MWiiniflt 


*: 

11 A If i = max 2 I a i } I (##J£*n) 

j-f,., 

il A h = /i^uT) 

II A I 1 „ = max £| a J 

A || ^ L,yl 6J WgfJ:Jg — 

II • II „ W(fiH:^|H]c " 

H - il, rnfam^mc- Mmzie sitb,M*SEa^«i®^;*s, 

* Sil* #*«i A/» Ii\ W«:* t» iS o 
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«[»)*: ?£^»«iPF?g»*ffl5BT«j 

iS^CC" WA6C”'" , jUJffi .r M Euclidean 2-?£ISCfSf 


II x II : = II x II , 

«! a 2 

II A II : = l| A || 2 

Euclidean 

§1 Z .8 & x (r F n , y ir jF ”* o 

<0 flafin n^mM II j: II = II y II J*jt, St lift. ^ #£ffi W 

U6F" X ”, = UyRU' U - r ; 

(ii) (SSn n ~ m ,S|5<I j: * y X | x II II y II , ?f . 

,x=ay jtKy= 0 ; 

(iii) II x || < || y I! I&JL, A6P ” x "' Ji 

I A (( < L fj fij x = Ay „ 14 W , || x || < (| _v II \L , R {X 3 

II A'I <1; 

(iv) u, fa I) u.T .1 = i! x II „ 

Frobenius * IS, B SE A * 

II A || „■ : = -/Trace( A * A) = ^ 2 2 I < 1 2 
Frobenius &*t'FJ6gM?S£«o 

bus 2.91s a »b ,m 

(i) p(A)< II A il (-ttUS'3- 

(u) ii ab ii <n a ii ii b ii i^stjtt.^A *Br®«r,«!iBr-y> 

aj II A-‘ II > II A )l 

(Hi) u W YAi I! uav II = 

II A II m II UAV II r = | A || F ; 

(iv) H AB || „■< || A II II B || „, || AB II F -< II B II 1 A || „ „ 

a *, a —-t-se n s. m & * m —t- s a* w # * & $ a & # 
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W2« F-jfissc^^efe^^aEfio 

[1 01 
A ~~ li oJ 

jij'j^r Ai(A) = i, a 2 (a) = 0o & 

u = 

M u 

UA 

flff A,( UA ) =-/2,Aj( UA ) = ()<- 

?ia2.io a a *-i'*#*T^ifcW9si^: 




r t 

±i 

V2 

V2j 

I 

X 

r V2 

V 2 J 

_ K 2 

®1 

1- 0 

o-i 


A = 


An 

A 12 

- A 

A 2l 

A 22 

" A; 

A fW , 

^-2 ' 

" A 


: = fa,;j 


a 6 ^*A1 j 51^*|»M«|$ 0 MxtfESfll# p-mm, 

l~ ll A lt ll f 


*■2 1 N /> 


Lll A„, II 


II A | 2 ,‘| p ■■ 

■ ![A,J|„- 

II A?2 1 p 

• II A 2 ,, J „ 

IIa„ 2 !|„ •• 

■ II A m „ II 


p 

( 2 . 2 ) 


ffiwWitt. 
uwtffi^ p-f&m(Kp^^)6omsij-vj.¥,m^ iar-jM ^ «5£pr 
a 4>itsinT: 
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tE^J 




II [A tJ ] II f, i'm wp_ 
T !> 


U- 2 , 

X - |*| 

U\J 

j" i! II i I 
I II £2 II , 

i — | 

L II II j j- I P 


[ A i( ]x ii p = sup 




i£,wJ 


i:;_ 

y;" a,,x, 




ii a,ji , i 1 ,i pj 

II A 2j ll ;j I .r, II p 

—- i 

y;; =i ii A mj ii , i *, ii t>_ 
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j~ II Am II /> 

II A 13 ll p 

* II A ,Jf„- 

II A 21 II, 

II a 22 1! A 

■ II a 2 , || , 

_ 1! A ra1 II, 

II A„ i2 II , -■ 

II A i (i JE p_* 


•sup II [ II Ai, II p] II „ !l x 
(I [ II A, ; U „1 || p 



II Xl II p 



1 x 2 II p 


_ 

. II X, II p. 



□ 


2.8 

£*e mm 'f, —t- m ■»# m ik t. n s* *-*#•». %-m c svn)» 

SWf# (6] BffiSFW T 5® * |Sj „ 

$9 2.11 

U — L«t» «2t «* ] € !?' m,xm 

V = L't'i. ^ 2 , ■■•, tj„ 1 £ .r 

A = U2V* ,2 = f"' 1 °] 

L 0 oJ 

■(?! o *•• o"i 

0 a? ■•• 0 

Xj " ; : 

LO 0 »• a ( _ 

&R 

o i ^ g 2 A- *’• S? 0, p = min f f?3 , n I 

liE^: ^ (7= II A || ,_&*& —jfctfeifiteia |J A II ft 
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|[ Ax If - a II z fl 

ue:y" tAli ,m® Tr u = j,XIL£ 

Az - aVz 


0J W Aj: = ay , ist 


ft 


Uz 

£ b' tl , y = — 

II * II Uj II 


V = [cc V, J £ '? " x ” 


V = [y u,] e 

r a vu * ] 

A 1 : = U AV - I 

-0 B J 

u-ux( n -i> 5 

i 


L0 


- ( (7‘ ^ W * U, 1 ) 


WKJIW I, A, \\ 2 ><J 2 +Zf* m Q = IJ A IJ - || A, || ,/5f 

^ 1 = o 5 n&&- 

U* AV = 2 

j 

>J A ^ + w, *J 

Av , = cr^, 

A * M,- “ £7,?> r 

hiaw-^e^nr^ 

A * Av: = <7^7.' 
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AA * M, = (7^W, 

0 JJt, Qi 2 Mz AA * WL A* A J^\A* ftifttElSjfi.fr, & 

a* a 

cf(A) = fr ma ^(A) = (jj - a 

<l(a) = ff niin (A) m fffi = a 

m 

E - l y ■ y ~ A:r ,3: G C w s l| x [\ = 11 

Sltfc,^ If x l| =1, || y || ; 0 v„ 

II Jr II = 1 , ILv II bK®}Afm'ti MMAX 

S , Vi( O t[ )M7T' Ui ( U rn )j£7F &X 

rcost?, - sintf, j [ <r, ireos0 2 sin0 2 1 
l-sirt^ 1 cos^j A o- 2 -ls-sin 02 cos0 2 -* 


(7(A) : - ciax^ it Ajt II 

a( A ) : = min || Ajc || 
If j. =1 

?ia 2.12 fsa a fn 

(i) |ff(A + A)-CT(A) t <ff(A)i 

(ii) a(AA)l?g(A )ff( A); 


(iii) £ A nlii.fla d(A -')--- -,4t 
£ (A) 


iEEE: 


0) &$IX 


&_( A + A) l = min l(A ■+ A)x (| ^ 
11 j l 1 
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min 1 Jf Ax || - |J Ax || | 

II T i 

min |( Ax || - max || Ax f| -- 
*-ii-i II , -1 

x(A) - d(A) 

[Mitt, -,r(AX^(A+A)-^(A)o A + A 

ft# A,ffl-Aftf tf(A +&)-ff(A ) 

(A) o 
(li) 

a(AA) : = min || A Ax If 

i 

y^min^x * A" A * A Ax ^ 
tf(A) | min i 1 Ax : | = a(A)o;(A) 

CiiO &A I- U2V* JiJ A 1 - VZ' 1 f J \ 
Hjlt# fl(A“ l ) =- <r(2 ') = 1 la_(s) = I ja(A) 

□ 

WT5lJl^aiT SVD»-S#]?Jft)t r 

31 a 2.13 ® A6F”*M 

&i ^ Oi ^ *" o r > & r+l = ••• = 0. r ■ mini hi , n i 

E'JTT 

C i) rank( A ) = r ; 

C ii) KerA — span I v r + j , " ’ , m u n \ , ( Kxr A ) ' ^ span { % \ , * ■ - f 

v r \; 

(iii) Im A = span \ a ^ , ■» t « r U(lmA) J = span{u r + M , 

O i 

(iv) Aer™ v "^4iiT“^Mjfr 

a = = 1/^2 A r ,- 

= [w u a r ]> V r = [ Vlf .... Vr ], A r = diag(ff M 
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( v) jj A |f f — tij + q\ H-+ g\ ; 

(vi) || A || = o\ ; 

(vii) u 0 v u , 
a, ( u 0 a v 0 ) = a, ( a ), y =1, •**, p 

(viii) & k < r = rank( A ) A* : = ^ <y f w ,* , jUjJ 

min |l A - B |l = || A - A k | = ct* +j 

rsjikt. if) s-. i 

iiES^: ,HiIE^II{viii)t£fS^K , ranktA* )^k ^0 || A ~ A k || 

uiiHft mill II A - B I! t j c & B ^ 

rank( U)-^. i 

»i£ ranMBXi Klffjt&ff, JWJfl 

If A - B j = || VSV‘ - B|| = | 2 - U'BV ||> 

ju,. 0](2 - U‘ = 

!l -St + l - B\ 

*4>,B= Llj-.o: 1 ] e ,r + rar.k(B)< 

*o "8: ■*€.! * + 1 SS/S. Ar = 0ft II .r || 

II A - B !| > |2* +1 - a|(2* +l - ii)j l -- 

2.9 r x m 

aAec’""" ) xec"'""jtn*AX = 7,ij!y^.v %a 
^. A fit."®, 5!| a fr it ft. jffc If M T\ X = 

A'(.4A‘) _, 4&aT A ffij — PzM&AllM YA = 7,M# 
y *a «—xtfflife.A ?assft,#j. 

Y = (A*A)" l A"^ajT A W—t\£j£ 0 





# •£# 
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m-fti* mi®,M%[ ! * i oiw^a-c 

Moo re-Penrose M , JSk ^ JB #J o A + /£ £ T ?!j 

#: 

Ci) AA + A= A; 

(ii) A + AA + ^ A ' ; 

(iii) (AA + )* ~ AA * ; 

(iv) (A + A ) * = A + Ao 

tt*» A + A A9i*8: 

&B* iSt A 

A = BC 

&$*.b% fm&,c5if7ffitiL Q mj 

A + - C ¥ (CC* Y l (B M Br l £* 
tMf A + W£—A 

A = VXV m 


K J J a^ V 2 + ir 

+ rz r ] o 

^ = I 

L 0 0 

2.10 ¥ £ 3g p$ 

& A j'j—'i' Hermit Jrff, BP A - A ' , .r#0, 
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M .1 ■ Ar > 0 O 0 ),J«ia? A Jt|i 5 t<HK + S£g_¥i), iE* A > 0 ( 5 * 
Oh lA6y' x "IA = A ' XjrWlftXLftfc U6- "' hS r> 
rank(A)-ffi# A = SB * „ 

513 2.14 « B €" x *, C € 7- * v ’ , & ffl > k , J. m B ' B = c * c, 

SU!l#ft$eK ve <•"■**,(£:» u"u=irb = uCo 

iiEWi Vft v, *t v 2 



*1 C^Mrfl&ISh JiJJ Bj W C, t«lMfr«fc,mrH, 

H# = Vj^B.C^CiC,*) '-«£ v 3 * v 3 = 

J.flrW v 3 v 3 ” Bj = c,o JSg® 



j; , t , ,v 4 MiiS6ssi[iv,’v 1 = /. n 

a a 1 ' 2 ,# ji 

A" 2 = (A i/2 )“>0: 

A = A 1 ' 2 A 1,2 

fBBJS.A^oISiiit##^ SVD#if j£:t£ A = UAU * .Rt] 

A 1,2 = UA m U' 

M<P 

A = diaglA,, —, A,|,A 1 ' 2 = diagl -fX] ,•■■ , ,/X! 

51 a 2.15 flsa A = A * > 0, B = B* >0, R!] A > B Siltt-S 
/j{ BA" 1 )< 1 o 

ffiflB: a* A>0,BlU#,A>B,^iHX3 

0 < / - A~' n BA 1/2 ?- J - A" 1,2 (BA ')A"' 2 
XH A-" 2 BA- i/2 -^ fiA"'#|l,BI A,(BA 1 ) = A, {A m 
BA-' n )MUH 

0 < I - A- ,/2 BA- ,n 

% att:^ p(A- ,/2 BA-‘ ,2 )<U IfeBP A p(BA 2 ) 



# •£# 
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<i Q □ 

3ia2.16fiX = X^0 

r*n x 12 "\ 

X = 

X{ 2 x 22 J 

m KerX n CIKerX l2f mM X^ 2 % X 12 m$l&M Y= X U X 21 

yx 22 = x l2 


"X„ 

X 12 ' 

* 

1 

Xu - X ■] 2 X 22 X 12 0 

X,2 

*22. 

0 

! 

0 x 22 _ 


f 1 °i 

Lxj 2 x,2 i) 

ffiBS: 

x 22 = [ u, u 2 ] 

*4>,X,= s,‘ > o.u = [L/, U 2 ] AMJERMW 

Ker X 2 2 = span! U 2 : 


r2, 01 

~ur 

L 0 o-l 

u 2 . 


m 




^2 + 2=Lt/i U 2 [\ 


.r^r 1 oi un 
'L o o\[ui\ 

r f 0 | "x n X I2 “ r / 0 1 

U ir J x ; 2 x 22 io 


L a *2 a 22_ 

X l2 u 2 = 0« ®jtt,KerX 22 ^KerX 12c 
XnX 22 X 2 2 — X 12 Ui U* = 

X, 2 17,17i“ + X l2 L r 2 U; = x 12 


□ 
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2.11 SEP£ifM|SIS& 


&~T>5f iSTffitei*# 2-$E&tfcft|n]Sfi 


min 

If* 

B \ 

x \ 

1 L c 

A J 


*gp$[c 


d 



[C A] _„ [A] 

c 


*1Bf^W}g|JprSNHfUaft^SP"F)»Ht. 



a&a(2.4)^(2.3)Mffite»s,fi:ft£#@j,'£©'a-7—&|sj 
7o — Mil 

TBMSa*a7S(2.4)Mt». 
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S32.17 y> Xo., 



V, it 1" II <1 ,ffi# 


X = Y(y 2 I ~ A'A)‘ n 


i£W: 





X" X + A* A < y 2 I 


X'X < {y 2 I - A” A) 


SHKiS; X • X<( y 2 l - A * A) ,#m 

Y: = X[( y 2 1 - A' A) 1 ' 2 ] 


H'J# x= Y(y 2 l - A* A) lll K Y" Y<I o HHH *&,#!# X = y 

(y 2 ;-A'^) l,2 a ryci,#x'x<(y 2 /-,rA) a □ 

a*s:C2.4) 

Frobenius &««-*? X = 0 M&Mtt, X=Dj|it 1 i'i, 
A*A = 7$/. 

S2.1 y 2 l-A' A = R‘ R ft®(y 2 i 

-A-Ai^.sa^ja*, 

±a$3as*am«w*sidi'Tffiw*. v 

£2.18 sfjfrj? y>y„,T^Jtar. ! 



SSiZS 


II X(y 2 l - A‘A)~ in ll < L(< 1) 


*&»*}«£** 

£112.19 *t®fW y>y 0 ,TS;dta: : 
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II [X A] ]| < 7 

a.&'ft.affft-'h y, i( y ii <i -it® 

x = (y 2 i - aa') V2 y 

X2.20 MF) 7>y () ,T^CfiK-VL: 

II [X A] II < y( < 7) 


aaixa 


|| (y 2 i - AA-) 1/2 X || < 1(< 1) 


a*,|Hl5iJsE;(2.3)M|Sj® 0 -a 



(2.5) 


2.J71M 

«®a2.i9#ai 0 


sa 2.21 ( Parrott ^3)^(2.5)Wfi/hfi & Tit^ tfi : 


7o 



( 2 . 6 ) 


Sr*iig(2.6 )«*,'&=> 

7o>r» TB##IJ)iSa2.17W)ga2.19iinHJ 7o< 
7- 


(S® a € c-'' “.a n »m (w h # m w s a a se w m > n w w 
01 ), M'J Aa 4 n"Fa#fi#»: 

A = u[ 0 jv* ,U e C n ’"\V € 

Y 2 I - A' A = V(7 2 ; - si) V* 




I r l - si o 
u 

L 0 y 2 I„ 


W 


f 2 I - AA 
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(f 2 I- A'A) U2 : = V{f 2 i ~ 2i) ,,2 V* 


(r 2 I - AA' ) in : 


\{y 2 l - S 2 ,) 1 ' 2 

u\ 

L o 



(f 2 1 - A' A) 111 A ' - A * ( y-1 - AA * ) 1?3 
-A* ( y 2 l - A ’ A) l,,2 ~ 

X 

_( f 2 l - AA * ) ,/2 A 

r - A * (y 2 l - A * A) 1/21 k 

l(y 2 I - AA * ) m A 

y 2 l 0 
_ 0 f-i_ 
y 0 ^fo 

£^@2.17,^^ Y( || Yi| B=Y(y‘ z r -A - A) 1/2 , 

2* 19, Xtm-'h Z( II z I! C = (7 2 I - 

AA 1 ) 1/2 Z,£}R X- - YA"Z,JWJW 


X B 
C A 


[ - YA * Z 

Y(y 2 l - A' A ) 1/2 "| 

L( y 2 J ■■ 

AA * ) m Z 

A j i 

\ Y 1 

- A* 

(fl A ' A) 1 ' 2 " 

[ jj 

_(y 2 ! - AA' 

A 112 A 


\ Z 

L l 


IT - A * (fl-A\A)' n 
l(fl - AA*) I; ' 2 A 


IP y>y 0 ,l2iifc y- y () o □ 
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JittgT/vibjhited^n/vibbb^ 


fi^sa 2.21 wsegiH^tu 7 trm( 2 .3)&j- 
( 2 . 4 ) ®@2.22 


4fco X= -YA*Z*‘' + i-"»,'e^M^a-e(2.4)S<)*X=0„ 
S3@I2.22 fg® y>v a M& 


Ir x 

c lll 

He 

A J 1 


sxjMrjnT BsZ: 

X = - YA" Z + rU - YY' ) ,I2 W(J - Z' Z)' 12 

ll w 11 <1 11 yi;<;i)»z( 

lMJ-SttinTingtt*: 

B = Y(7 2 I - A* A) ia 
c = (r 2 ; - aa' ) 1,2 z 

iEM: B Y>7o.iSa 2.19,#£ Z( II Z || <!)«(§. 




[ 

[* 2.17(jt 2. 


(2.7) 

( 2 . 8 ) 
I Z ll « 

(2.9) 

( 2 . 10 ) 


C = (y 2 I - AA*) il2 Z 

7 2 1 - Lc 

a]*[ c a: - 

yii - z* zy 12 

0 

- A' Z 

(y J i - A*A) I,: 

7(1 - Z*Z) 1/2 

0 

- A* Z 

(r 2 i -a‘a ) ),: 


1).% 


- Z' Z) Ut 0 1 

- A* Z (r 2 l - A'A)' n \ 
l:wll <i)ric>7, #\HM«W=[W, y!,bH#x 
fli Bfldsas;* 

x = ~ YA'Z + yw,(i - z" z) U2 
B = Y(7 2 I - A'A) 1 ' 2 


[Y B] 


W 


Y(I 
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ii [w, y] ii w( ;i wii <Dffi^w! = 

(I-YY*} l/2 W,fiFf«, II Yll <1 .fijfeaj&iEo □ 

3 y>y„ Bt,~Fffi(S**frrti r *63 2.22 

*2.23 WT7>Yo.TiCj®a:: 



II a - YY * r 1,2 (X + YA " Z)(i - Z"zr lfl II < y(< 7 ) 

(2.12) 

K* 

Y = B(y 2 I - A* A)" 1 ' 2 (2.13) 

Z =(7 2 f - A4*)-‘ ,2 C (2.14) 

it{&2.18fnitv-£2.20 S^iftSil II Y i| <1 All Z || <1,0 
7>7o»'lf(ffiT,(I-YY* )UlS(I-Z - Z)t|i*Bjffifi<l 0 fi 

t-seiSM, #{St ffi «i 

3£l$j£<KfS|«: 


7o = min I 1 1? + LTQV |l (2.15) 

Q 

K')>,R.U.WVJ|1SU , U=ISVV =iMfi®H. 
*2.24 5£(2.15)tgi*HM**?£ft* 

7a = maxi || 17X R II . II RV* || | 

xa.,BiGMVtm & mm 2.22 » sij , k + x=q + 

U* RV" ,A=U'RV^,B = U*RV_X,C=U^RV* 


ffiffl: & IRfD Vj.ffi»[U U ± ]W[^ 

7o = min || R + UQV || = 

Q 

min \[U U ± V (R + UQV)\ V 1 = 

^ L V 1 J J 




56 


Jitt£7/^bJiit£duxn/vib^ 


|| Tl/* RV * + Q U * RV _T | | 
min I 

« II L/i RV * V] : 

2.12 

A 4 1 A ^ 3& ffc iH Eft ^ A vt ££ W T Brogan [ 1991 J „ Horn %W 
Johnson[ 1990,1991]^ Lancaster fti Timenetskyl 1985 ^ 

+ Golub ffl Van Loan Eft 10983]*^ A#* 

A^ini^Eft&mim* ikvis.Kahan >m 

Weinberger [ 1982 j A£ft o 








am ^ ^&m ^ w w ^ ^j * # ft «t w ^ 

M &&; & # ^ Kalman &?£#*¥,& £ Bti W. ft MJ ft M it; B 
J3tt it Lyapunov Jf © tfj ft Lj % §t ft f& £ ffc , nf ft 2 f*I M 

m . ft m m m st flr & £ fu * j& w «.& * 





^ - Ar +- ^w , x ( f 0 ) = Jj| 
y = Cx 4 Ow 


(3.1) 

(3.2) 


k( 00. ” #C**|feW#X,3,(t)£,-■-" ,.4 ,B. 

C\D —t-fl-ft fc»A(m = 1)» 

#■ $ ft) ( p = 1 ) &fj §[| S * @ii ft 3V # 4ft A #■ $£i ih < S L SO) $ §t, S ffl , 
«£*£4»A£4ftdKMIMO)£gE 0 -Wffiil&.gaUUSiJA a @|4ft 


y<» = g(s)u( s ) 


Jt*t»,U( s )« YU)#@J* K(t)$l y(t)#.W*n%i£tt ,c(0) = 0 

T» Laplace $#U 0 ft,# 


G(s) = C(sl -A)-‘B+D 
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#5*. 


l-l_ 

5 im 

h J U 

dJ-m J 


* r i+#, ^mnTie-'j: 

[ ^ |* ] : = C(sl - A) ‘BID 



*--i(t 0 ) 

WSl A « (j) , WifjiSSfltWHInJ & Jr(f. )fn jy( t ), 3 2 >J 0 fft 
TWMSsCttiE- 

jr(t) — f °^{? 0 ) 4 f e Ait Bu(r)dr (3.3) 

J, o 

y (* ) = Cr (2) 4 Du it) (3.4) 

3 u(t) = 0, V«>t c fft, &±.'B&i1&$f39th,xil t filf t,> 

xit) = e M ‘-‘< ) x (t 1 ) 

■% —'f -«-&, H rfD, 4>( 2 , t !) a#ft *& ## 

i C = o„ 4 )sb 

»Wifef>,'03«F^aWWe)6„ 

git) = 4r’(G(s)| = Ce A, Bl + (i) 4 £*?(() 

K*, s( t ) i*t> aa:, u ( t ) MnT £ Jt »#■&BVK : 


»S»#AI*iBM(4f«lM«*i* (l = (l)SiA#^g 
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y(l) = (g * u)(t)i = J git - t)u( r)dr - | git - t)u{t )dr 


3.2 

3.1 Sn*xsf«*tt%)Kai j{ 0 ) = jtj. 

#a-t-(#itj£&M)StA u (o.ffiw^eo.o«*i£ 

.t( t,) = Mm&Umi -1 )aSSIS56t(A 

si3.i 

(i)(A,s)SWSWo 

<ii>J£P£ 

W^- ( / ) : — f e Ar BB * e A d r 
•>» 

*Hi* «>o*iE^Wo 

a - f /i AB a 2 b ... a- ; B 
S^WttM,ia#«'6ji£i&, (A I ImB): = X," jlmtA-'B) = 


(iv) XW* Ae;,ttft[A -Ai,B]*Ui«feW c 

(v) -g-A »x#SlJ*A 
BP , j- * A = a- * A ,J»J .r * B^0 o 

(voaaitsiSff f + bf 

a ^!®xt a a> o 

liESJl: 



— W~ 


JittDT/vibjhited^n/vibbbs 


«(r) - — B ' e A *i r> W t (fi) '(/Vj ri ) 

*J/fj;£A(3.3)**t®ffi = .r, 

W(A,B)*iirffi„ ( >0, 

A - ^(?)>0,ftffJ«a(A,S)*nJ®,fMXtS;-t- t, >0 

HAXWtT t ,=fir e A, BB' /•' 
e:' ','ffi?# 

o.; c:: o. < : : 

m m -r ( (,) = X, = 0, jqij fo 3C ( 3.3) nJ ?# 

0 = e Arj .r(0) i ■ e / '^’ r ^J3«(r)dr 

- □ 

hvi 

0 = a*/ f ^(0) 

JT (0) = z A 'l V , jl](J V - 0 T 0U ®jJt, 

jtfff A 

2.(u)^(ni){U&Mffi£ £>0 W t (t)>0(^^:_b, i>na€- 

t >0,^f W t (t)> /i,TT W ; {^)> 
0),<L-I C „e, : 

OKi^rt - 1 , ,w 

■y * A'E = 0 

tN Cayley- Hamilton ® "T ^ , jtt ^ ^ tft ■# / ^ 0 #J J& £ , 0 itfc #t 
tj * e^B = 0 

t ft v* w t (t) = 0,j*-5®j&4H*fr o Silt, 
e ,M^ c w c ( t ) 

^^ ^ 1 1 ^ ^ ^ ^»M # fa 9k v £- ;l" f M Br t C [ G, 

'iL# ^ e Ar B = 0,&=£i& * =0,M*m 


w * B = 0 
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i/*e A ‘ = if = 0® t=o ihMSS i 
i> * A ! B = 0 , / >0 

T-£,=& 

?, * [ B AB A 2 B ••* A rt_1 B] -C 

3. (iii)=^{iv)^ffl^uEfeo IS ft 

[ A — A/ B ] 

Aec.rr;M 
.r‘ LA A/ B1 " 0 
an x* a = Xx* %p = 

jc * [B AB *■■ A^-'B]- [j'a ^t*B --- A’"\r k B]=0 

4. {iv)^(v)«iS(in)^(w)MiE^,iaJiW.^W e 

5 . v v)=>( iiOSffl BfJ c IK At C v ) J& \f_, fO rank£ = k 

<r,mn 


rA c a 12 i 

rB, i 


TB = 

L 0 Aj J 

Ui J 


K^,A.e:-: l ”- i)x( "- i> „ ©a, ft .!> ^SJftAWft&ltSECftft 
.r t ”A =Ai. t ; . J 5 IJ w x'(TB) = 0 ,# 

B. 



* TAT-' WXtS? A i ft, a®»# 

(TAT 1 ,TB)^JEnrffiM ( a^<tt^ft^Bc3EiirS!tt:69ISi£ffl 

^*o ®it,t£i£'&iEn 

6 . (vi)=>(i)itEB)3i;i ^:|^(v)=>(iii)(K)TiEIJf]: (1 iS (vi) Jj£ >>:, (H 
•ft ,*S fln a '-j &# (vi) ft J-jf„ 



#. if] Fc ii 
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JittgT/vibjhited^n/vibbb^ 


7.(i)=>(vi)a 3.4 £81 

F,ft# A ♦ BF 

□ 

SX3.2M—= A M Jjf =fr ft fcE fit 

Iff ReA( A) <0,«'Jft® JtMo ft* 

WtffcttffiMJEft A *ttJE4£ft& Hurwitz&fto 

jtx 3.3 «= fjt a + bf 

69xit,ftaft' 

ESiJJS'H)gjiWftib^-4tT'ft*.’l-i 0 TiafW^ilft^a3.1 W— 

■f-ftie. 

513.2 

(i)(A,F}*Bl«®«,o 

(iiUJWW ReASaO.fcgffifA - A/, B ] ,, 

(iiDX-IWJi. a:* A = .r ’ A B. R e A>0 «@f£ A & *, i * B ^0 „ 
(iv)#£$£|ft F ft# A + BF J6 Hurwitzffi ff$ „ 

T @f Wife & (3.1 )fp *e (3.2)0? 69 £ @E» # tt 

*sm«l ?£«;£<, 

3.4 «! XFtfl&WaS .r(O) = ;r c S|6g6®A 

«cow^rti ,wjft[f4^r#(3. d# 

* g (3.2) <£ # & xt ( c , a ) j?f ft £ Ki ffr * * m & t «,»; w, © 
WJ ,ft^^^®(c,A)fi^'=r saai Wo 

513.3 

(iKC.AjftftjffijMW, 

01)3612? 


W„(4): = fV r C*OAdr 
J 0 

*M£& j>0 JiiE^Wo 
(iii)ffr;®iH4®i^ 
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o 


c - 
CA 
C.A 2 


-CA'" 1 J 

*?IJSI@;-W,sE# nr.^erCCA’- 1 ) = 0 o 


® , ap Ay=Aj),M CyAO, 

(vDiiaaaam l ^f±*K»A + lc 


® *«:#ce M&m a «i6Xif ta m > „ 


(vii)CA* ,C*)ftBIK«o 

W&ifcRTE&SrflttSP&mmOfta,, 

t.(i)<=nii)St : F^^W*ftA uOJfli&te&tt x 0 .49t(WK 

isi [ o, i!; ±. w * tu nr * t is: ^ tf. •. 


y(t) = O A V(0) + ] Ce A1 * rJ B« ( r)dr + Du ( t ) 

J 0 

y{t)m «(t) = o, 

Vi o & 

.y (O = C> A j: (0), / £ [ 0, t i ] 


y(O) 

y(0) 

. 

“ c 

CA 

CA 2 

J-'Hoh 


-GA n-1 J 
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y to£< gfi-¥®„ a*fJi(!lS!H±a£W i 1 Ai&Jlit*, 

@r w ± a Jm tf-ti i* -m, a stss js t h m „ 

2.<o=>Citi)^miS«ia6SF-§go ®S(c,A)ftpi^sj«,fFi»i 

t-|SlS -r 0 {m o^-o.sJcib 

Cayley Hamilton CA> b = 0, V/>()., MM&tUih 

**& x(o)- Jejam ,v(o = ce A, x(o) -«. a®, j-(0)^5116* 

y(r )=0%mt£ jWMM ffio 


SX3.5 * A+ LC L ftfe£to,M»sKa]*£|i < P5If 

(c,A)fisjteiiiWo 

3.4 

(ii) Mm *f ReA >0, & m [ A c A/ ] JftjPJ to - 

(iii) XfiSft. Ax = Ax ,RcAS*0 to@r# A fllx.C.i^O, 

(iv) ij¥?t-®^ L A + LC ft Hurwitz 

(v) (A* ,C)*TitJt«l» 

&m 3.1 Wigs 3.3 +«<»#]( v > ,®g 3.2 fit® Jf. 3.4 *f< 
M(ii)W(iii)ifi$’l5»3*r FBH(Popov-Belevitch-Haulus) 0 #$lj 

SX3-« ® A fjA -'T'fiS&,*lS 

K«X-t(STA 6fj|lf*£(^)fSFffiliaU,l!p J -"A-Ax*(Ar-= 
Ax).ao^xf.-;;w x's#0(Cx#0),ji!!)#«* a ftWfttofnT 
jffisi w), ■# m , tsftAp Bf#s4<j to) r 

H lit;, =fif S # to in tfe, ^ ft of fg (nf xsft jg), ^ j. {x H5 -f- gg & 
»re('n:sis!i)„ *ftifttr,*anj#®(i3naa),=mnx.^^^T 
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Aj 

1 

0 

0 

0 1 

0 

At 

1 

o ; 

li 

0 

0 

A i 

0 a 

0 

0 

0 

A2 

; 1 

. 1 

0 

0 

P 

0- 


3 a,^a 2 a-t.in* « =o,W«S a, IWfiKi Ju# ^=o .Jffll a 2 

fi^nTiMUKu ifuS a, = a 2 b-I ,£St*MlfnJ a ffi.flI/3 {S#®**! 

ew^t'msM&ia sx/ffi&wtts k 

°i r°i 

0 0 

JTl = , X; = 

1 i ~ 0 ! 

-oj LiJ 

mm A ftttJGt'T-A! 69 S«r^Et"JM, Sitt f j jr, 

n’iJilJI A ftXtiS^A, JC = JC 1 -ajC 2f 

Mx'B^o.m Tijfifw 3 Mume<jjb-ffi- »ijw feykn ^ 

mtlfi-o &ifo\Aiiili£tt i* 4x2 £|$, JlftjHWftgfetfe:*; 

A,-a, 01 An, 


B = 


0 0 
1 0 

ff 1 

1 OJ 


W Jordan M ft 9ft *1 $X % SI ?f ^ wj J£ftl TIJ MlJ 

ttW^fifcp Jordan 3. 1 
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3.3 Kalman Mf&frM 

ns—$;e„ mm 

**&EJiillJtt= 

sfi * ^ % %l w s *s si &, fi •z o bt ffi # ffi » m. w # #f w ** ^ a * 

—**&,« T€i*‘- 

^ ™ Tj- 

wiJSsb & s &. w #e< 3. i) m (3 .2) 

i = TAT ‘j f TZJh 
. v = CT 'jf + Du 

fi®;frgS»ciEff®#i$r#$Eia T sb&iggt.B 

A/»tfj #« , au 

G(s) = C(sl - A)~'B + D = CT'HsI - TAT -1 ) 1 TB + D 

f5fe,a—^^-|6ttM3EgSTM§ij 

&3M£ 


1 ,_J 

lc D J 

r TAT 1 

TB1 

1 ^*1 

[ CT -i 

D J 


£ = TC O - DT _1 

^3 3.5 

*H£ (4; “T#9!l e) w „ 

, nriiUiEHj-p® f8jaa 0 





# •£# 
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iS3.fi <? 


JC = 



Tr 



rA f 

A12 

U J 

Lo 

A, 

>' =■ 

[c. 

cj 


K* > A, ec^ x \(A t ,BJi* *£,#_& 

G{s) = C{.sT - A) _1 B + D = C, ( 5 1 - A,)~'B f f D 

fiERfl: 0*rank^= 


Q : = [^1 ■** g* ] g* i + i ”* q„ ] 

T: = Q _l 

wj^gfe ^ = Tx * = i, 

2 , *•■ , £ j, Ag, </,, * = 1,2 , ■**, j& t 

& Cayley - Hamilton *EJi nj Ag ( fft £ f J fa fi (ft ^ lfe£ IS 'fr 0 

0jffc,=& 

AT 1 — [Agt Ag fej Ag i +1 ■*■ Ag„ ] - 



k. Xk, A c ^At 0 iJ 
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ft 



S r ec*i v ’” *£?£, TIiiiF.HJ(A c ,.E f )^or^^ 0 ft* £9 

rank^ - &i , Ji^" 

, X A C R. — A* 1 X ■" A r ; : BA 

£ ~ T “ 

_0 0 •** 0 - 0 J 

* Cayley-Hamilton j>* m A; J£ A| , - ; = 0 f 1 , - , 

{*, 

rank[J\. A ; /J,, ■■■ A* 1 Xl = k\ 

tfL$nA t ,B c )j£Jin£M Q □ 

t Mtrte&mm qr 

M$0 c M QR ftte QR = c t J$& T = 

Q l o 

£ 3.7 e 

& T,&# 


JT TAT ' 1 

I CT -i 


TB 1 
D J< 


~A ( 

A 12 

: 
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A, 

j 0 

_c, 

c; 

: D . 


» *, A, e«7£ to, a £ 


[»■]}• 


{!”.] 


#+■. H - -1- ^ %' I'SI * » A BJ tt, IS - -1- if- £ M A ] 

(EP:R;S .z f „ ipiij),, KJKife# .r 'ff ,'!ji*#Ti;|Bj,^ 


•*■ - r ~ l - 5 ‘ = L91 ■■• q» 9i +l ■”<!„] [ _ C ] 

J- .£ > -I 

v ,-,i = l,-,*i JKfiStW.sg^tfrJft.eS Imtf 
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muk&iti* % -irm ^ ra m ^ n ^ m G 
mm3.8g-wMm&mm&) o w&* 2 < w ,j)tij#£*Bm£& t,® 


m 




r TA T 1 :■ TB ] 

[ CT -i i D j 


rA, 

[A, 

Lc„ 


C*^^,(C„,Aj5JMa„ 


0 A] 

A ; B,-, j 

0 DJ 


» 3.9 ^trnT&ai.iinr Mamie# © 


$& T.ffiffi 



r,4 

0 

; 

r7'AT 1 

: TB] , 

1 ^ 




1- - = , 

1 A 2 1 

A„ 

! £„ 1 

L CT‘ 1 

: D j ! 

[c 0 

0 

: D I 


s t», a„ e c ** x *«, (?„, a ) »mi(, a„ mm = 

afeftU&.W 

G(s) = C(jJ - A)-'B ■+ D = C a (sl - A a) 'B 0 + 75 
»llfi!lltsas^fi*, Pn#5TF®tfj Kalman *SLs£^ftf. 

$H3.J0 StW^fsilSf,aiiI*^fi{3. DIP ifffi(3.2)® 

-r = 


3 ,’ 


P 4 - 

0 

a 13 

0 i 

! 

'-#,„ j 

1 

E-A 

JC 

. 

\a 21 

A m 

A 2 s 

A 24 



1 


^ Co 

" 1 

0 

0 

■Aft, 

0 




0 

- 5 : ^ 

1 

L 0 

0 

A 43 

J 


UJ 


_ 0 J 


[t;„ o c,» o] 




+ D« 
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f TAT 1 : TB 1 
l CT ! 1 / ' - 


a to 

0 

A 13 
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: 

A 2 \ 

A«, 

A 33 

A 24 

B ai 

0 

0 

A,,, 

0 

: 0 

0 

0 

A 43 

A fVi 

! a 

_C fV 

0 

^Fo 

0 

i D 


« *, i*j ft x,„ bt ft ±1 ^ oj siq a Bj j®ii). j..„ »t mii iu a 


#£,[£ U ill_v ttimrtmn.’fcM'h 
G {.0 = C„(sl - A„) 'B al + D 


—tn ® to m , fi *S Si & 35 St 


r a 

: £ 

Lc 

1 D 


I B„ 1 


r A ™ 

L r 


D 


tb |tj, {§'£{{]&$ sf-%] $ ^MtTto HKiS '£ (BJ (B| „ 

3 - A«T * SEffi* 3J a IEJ«, 


^ m 


L 4 „, 

0 

0 

o - 




_ B UJ " 

X f p 


° 

A m 

0 

0 


Jc tt> 


B m 

i*. 

j 1 

0 

0 

A f „ 

0 ! 

3 cii 

1 

o 

J *1 

1 

_ 0 

0 

0 

A J 

.-J- tJ _ 

1 

L 0 J 







r ± 

i 




7 ~ 

[C lo 

0 

C„0]| 

J 0 m 



k «j e .a or id«, s „ nj e fa ^ bt sffl a, j-, „ oj jta shu a< or ft, 

AoABrsaABrMSJo istMm^m^t 
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~ 


^ur 

x„At) 

( t) 

-^(th 


e A ‘°x eo (Q) 

y(t) = C M ^ Ltt (t) + C ta r io 


A'j^(O) + ['A v ' r) B^(r)dr 


0 


0 


a= ft> (()» r.AO^gSssA u x ro (r)*fl ^* 



C c „e A ^‘ rl B c „«(r)dr, 


SSffii,mpfofi X„ (0#4rtli3 E*e# tij t, 4#®J 

*,»* A a ^s®,nmai 

¥Mc fi— 

a^-isiaw®3.7T-im-w-feiasgEnTtew, 


3.4 msehmm 


mimo zhT&^tjt 


Jr = Ar + £iw 
V = Gr + Du 


ft a 


BWiK-SSnffl 3.1 ff^,«SFSaw*S* 

i = (A + BF).r + Bt- 
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y = (C + DF ) X + JDtj 



S3.1 

5fS3.ll & F 

mM),^RU^(A + BF,B)^riX^(nJ ^^) 0 

«n,*n 

t mm-. 



ri 

1 : 

[A 

! B 1 


- 

1- = 1 

0 

Lc 

dJ - 



Li 

0 i 


u — Kr = [ — 1 - 1 j jc 


[A + BF 

B] 

0 

0 

r 


- = 

1 

0 

0 

lC + DF 

D J 

_1 

0 

o_ 


K^^mmo 

JC = Ax * i3y 1 -^ j = Ax + Hu + Ly 

WJv&nb 


rc 

.. B l 

|_| 

f A + LC 

B + LD 1 

LC 

d\ 

I 

i""c . 

D \ 
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tfe . m iH & a # * at # $ m w fin&mmn&mft >, mi m 

vm fern* 

S3.1 

-frar-i y w, #-s^ 

#ijjn, K®» 1r±k m%7S< , t, t£ibMS& * # 

«M®fKMftas3f|S]*;S,, 5te,#jS-i£lftA.Sg£,> 

tfiai^sa* 

G(f) = I 1 ': b },b € .- 1 “ ,C€k^" ,d£ * >• 

-a 

det{A/ - A) = 3” + <3 i A' i_i + ■■■ t- a„ 

R&X 




- a 2 

'*' _ a »- 

! “ “ rJ 


rn 


1 

0 

0 

0 


! 0 

A i: - 

0 

1 

0 

0 

6 1 : = 

0| 


. 0 

0 

1 

0 _ 


JJ 



c = lb 

Ab •■■ 

A"- ! M 




*1 

. = [6i 

A,A, -< 

■ A'r l b 

■1? 



T,. = £!|£-‘ 


WW#&rtS^iO-WSffl3g® 
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\TJKT~' : 

■_ cr; 1 


; T r 6 


■ Ai 

1 &r 

1 _ 


.CT c ' 

! <*_ 


cr; 1 - js 2 - A i A 3 

G(j) = C(W - A) Vj + <i = 

^l-^" 1 + ^2i'"" 2 + "’ + ft-lJT + & . , 

-TT”'—jTITT" ---+ ^ 

5 4- + ■** + a H _]S + a„ 


±.izm m.&&&m a » $e g (.<) m 59 ft *, % -as vx m m w $ a 

(A, 6 ,C,ci)U:*#aS 5 *«W GU> 

Wtt&SlBjSSto 

»&as 

a- = Aj j; + 6, u 

a ~ Fx = [/, fi •■• /„_, /;,]jt 

x = (A[ + b 1 F) jt 

- 0 -' det( A 7 — (Aj _ i - 6 1 i*')) = A ,! + (ai - y i) A" t + ,, * + (a n — J„ ) 

det(A/ - (a, +i,F)6<)g^.^iayt$g^[iia,ij!!iariitaa 

f&$ kyi, mw={a, b)%y<is&,m 

Rr«ffi*Klt a + bF Wlfffitto 


,., , ‘A B ] 

O(s) - | ,-B 6 - x\ ,c" £ R w ,d* €: y. m 

^ c ■ a j 

M&(c,A)%nm.m,w#&&& r.Mn 
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tat: 1 

cTj 


TJi 1 
d J ' 




" - Pi 

i 

0 

*■■ 0 

7i "i 

[ 

f 

" «2 

0 

1 

- 0 

V2 


“ a fl -i 

0 

0 

„. 1 

7«-i 

.7.* 1 

— a tl 

0 

0 

•■■ 0 

_7rt 


_ 1 

0 

0 

... o 

<4 _ 


i + d = 

**■-' 

+ Ts' 

r B ' 2 +- ■ ” 

+ V i# + 7ft 

i' n + 

q x T~ 

1 4 ... ^ 

a„ ,j 

+■ a « 


+ cl 


a* m ** &#l® m, pi &*e^ , 

A + Lc ffiH$ffi<tPTUJlfr:*ae2o 

3IH312 m A 

HE: A >J Jordan B JUi 

WkMfrSk. 


A = 




h - 


h 


A, i 


Jj 


I B 2 I 


! Jh j 


A, 1 
A,J 

J A,^A J0 Efe PBH^l^oT^,(A,B)^5I^, 
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Jc m f ^^0o »,fiJE^ 6 ; AXKM#M# 




□ 





x-ei ^ 2 ,&#< a,!#*)*;& a ^ 

# HE 41 #*'*g Piffle A £#gJ*W,EflfiW*n~F3l 

1, 

3133.13 K€ s " J * n ,A ■+ 

BK A + BK JIHiJf^Jc 

® ^ Rj # i^L Brasch #1 Pearson [ 1970 ] . Davison [ 1968 ] M 
Heymatinf 1968]# A09^# Q 

Ke m 

i&Ji: ^6 A m ,&%A + BK ^11^09,#^:(A 4- BK f iMJ§;PT& 

^o mn, ye 

,?: '*” 4®# A + BK + (Bx.)/W#5Effli5T«ft.ftKa = ts mi TtJ 

ft 


u — Fjc — (K -f- -uf ) jc 


K*tffliiaBrfflT«rthaA a + lc\ 

Agt^^aj * m. wm mm nr a r m #n a £ $ m % 

, ; ft‘^®S1f®anI#lSI Kailath[ 1980]JJ 

Chen[l984]^A«Jl : f^ < , 

Kalman »/}S 
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3.5 MMMTmMweM 

ft ±.- ii * Bg#sij. ® #-'H? ? aTTTtejf B. SStttS 5-J Ji 
Tfit» ,M •£»&--K**sy<jpflif ffi /,((„ 
& ifri, ft * £ Si: frj & IS m ffl +. £ ik W tt & ft A 16 £ Sg & SI ,«i I 

.V fmA«,0it,»7£«^£m£i+yfe,# 

.V W8iAh *^^Sc#:*xJ£=fite i!„ : 
ii—V U& tt-SftitftH i»*;S!l A „ 

t-rtftfg(3. l)*fte(3.2)#M»^^,jite»J^fi - 
I'ImAMm,>’).»&* £ JBrW-Sa W«jStti+o 


q — Mq + iVa 4 Hy 
J. ~ Qq + Ru i Sy 


jrCoAqtom&fS-f-MiA «(-),H4 /—« 

W,_?(/) jr(O^O s 

SS3.14 jffi«l»??ft,^iiCi^(c,A>AnriS»a ftS,#((■;, 

A ) * 51 &M , JBd & TS % fft - -t'^lt Luenbenser jfflS) H 


q - Aq + Bu + L(C.q + Du - y) 

JC - q 


(3.5) 

(3.6) 


KfM. SffiA -i LC SJEMff 

iiEM: 'W3tff | W(C,A)frrnT®Sltt*)l!S.Sm7fftWj£^*f+ J % 

it, -R® tilt + SLff’lffiiff I.uenberger SLSJ itl-fifS S, : Jfi — A® 

tt«fta(3.5)fl)fta(3.i),Aa(3.5)^T-'M$f*uaifl 

® L(Cq+ Du - J)),a — Jjfl 

<3.5)?flftg(3.6)W^0t-ft«* 


q — (A + Z-C)g — Bv + LDu - Ly 

V (j 


@a® # stis* mvj. n a 
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IS 


e = (A 4- LC)e 

Wlfc.SflS'f' j(0),g(0),«(.),^ ,e(t)~*0„ TIM 

ig^(c,A)^nr^»= .rComT^m*? 

q Mq • Nu I Hy 
x = Qq + Ru +■ S^y 

m v (o) =o a «(()^o,«tsiE x 

x = Ajc 
q = Mq + HCr 
j: = + SCr 

*(o)f>9 A W*£T^|E],l!Tiy*fJ}f 
^ rS-O,^ Cr(f) 

= 0,-Tfi </(i)=0,i(«)=Oo 

*-t- 

-tffiW i'J"i£ 6S Luenberger MiK 38 M ffi SSt A w , i-j 

mmwm, ^Brie#®i*3&«®s<i)«ii«8s,sifefes#ft5 ! a*« 

flJnTWPJ® y-Du = Cr,g(ie££SPit Ker C *htK|.r 0P#,0flil.R 
Ker C ‘Tffti uPiKir C />: " dim v. M Ker C 

n - !>,&&-r «- <> i^wasij 

Chen ffj f'fT’ 

[1984] 0 

itifesi] jit, a a jaa;, mt t4i Jrma. i) th < 3 . 2 ) wje m gj* 
«,e(A.B)*Brtta*s ^ «= 

"IMMI, SPA Stffiff MM IE « * IEjJB, » SSKfffi/S ® W «iS-fe if- 2 
IS BEfiiST x„ A 
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i = (A + LC)x + Bu + LDu 
u = : F* 


(A + LC),r + B*< + LDw - Ly 







1 fA + LC 0 1 

Li i"' L - LC A + Bf\ 


- LC A + BFJ-.r 1 


+ v(A + LC), £r(A,B)^*m 

£(C\A)^M,M#& F |UL $^A + BF ft A + LC fcjflf 








: |— l G]*-“- "[K 1 — -| 


—<sjte,iu#ffi«isi±jftrti .v wsfii 
# ( a , /j ) * dj « jg a ( c, ^)» ht & i®, j® * a e $ aj s ««j« & 
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3.6 liWsI 

SKIM'S 

nmM&,mimit-mMxi®%i « c, m g 2 

§E, "BA J W >t£S 3: M^i'J */k * 


G] - 


[A, 

lc x 


G 2 = 


FA, 

u;- 


b 2 

o 2 _ 




3S ^ 'b FP ^ f£ i! ® !& £& P£ $J &fc p%-f- f£ ii ^ ffc ftip$ ft) ^ 


Gi Cn« 


A, 

LCt’ 


*i i 

d. 


a 2 BA 


D; 


"A, BiCz : ^Dzl 
is 0 A 2 B; 

_C\ DyC 2 D v D 2 
mmfctnunm g, ^ g 2 


0 a 2 
iCi c 2 

g 1 ^ g 2 



"A, 

: B 0 

a 2 

i b 2 " 


G i + G 2 = 

-CT 

"'bj + 

_C 2 

D 2 _ 



1 

a 2 

0 

B 2 | 

= 

i*,C 2 

A. 

if; D Z | 


_^ t C 2 

C, 

DiD 2 J 


A, 

0 

£, 


b 2 

A + D 2 j 
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M rMy 



<~A, - B,D 2 R^C, 

- B.K.VCz 

B, J? 2 |' 

T = 

b 2 r, 2 ‘c, 

a 2 - B 2 D,i? 2l l C 2 

B,D,R 2 -, 


K.^C, 

— R 1 2 & L ^- 2 

g,b;,‘ 

R*,r 12 

= - 

/ + D 2 £> 10 flfJ $£ -F ^ Gi > 


Twfrmji^vifu^mmttMXo 
£ JO. 7 # j$ g |S£ G ( s) M *£*]£ ffi * ftfc£ jCfctT : 

G '-►G r (.v) = B * ( si - A * ) ' C * + D - 


[a 

fl l. 

“A* 

c*“ 

l-c 

n- 

_b* 

D*_ 


SX3.8 G(OM-M&*«.jej£JTF: 

G ' *• G~(s): = G T (- s) = B * ( - si - A ' ) 1 C " + D’ 

s£##i t 


[ A - 

A1 , 

_ F- A * 

-Cl 

Lc 

: dJ 

L B * 

D k J 


G'( J r £u ): = [G(>®)]* =G~0«,)„ 

SX3.9* GO)G( s ) = /(G<i)G(.v) = /),JM«c£WHj£|i¥ 

6(s>*'ft;&fflSStfciff G(j)Wtr(S)M. B.,^r G(i-)Rfi G(.0 

G(s)3j G(i)«® 0 

3i*3-i5 d* ** d 

„ t [A - GD + C ; - BD + 1 

G ' 1 //C . D 't'''J 

* G 
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“A 

bd*c 

BD * ■ 

+ _ 

0 

A - BD'C : 

- BD* 

Lc 

DD i C 

DD f - 

1 

"a 

bd + c ; 

BD f ~ 

I 

0 

a - bdH: 

- BD + 


C C I J 


T= [* *].«»« 


fA 0 0 


GG f = 0 A-BD*C - BD' 
-C O I 


□ 


3.7 

«** * »£#;*: a *. H it , £' MM * Mif R x ffi ± to a ih m m 

JESffc5&i£Wttto#]@!Sft*iP¥o h 



ifflffctt&finTOSKA.B.C.D)* G(j)ftf|—'t'*a d 

’W4^Stojlit =f#SI—T-nTS® pma*^ -J&to MIMO 

^ si a ^31 its a ^, a— Wifea-t fp) ® 0 
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sx 3.10 % a f;(.s)i»«s^iBj3C« 

(A , B , C, D) 36 G(.OW£'I'£Ho 

$«3.16 G(j)WttS^I'SI® IK A, B,C, D) MM 'J'*SE, 3 
{XS( A, B)*BT&.&( C, A «, 

HEM: £ffi®*<A,B,C,D)S G(j)W— t*^*a,!S!](A,B) 
-5£*nrej.(C,A)—/g*57M« c fflSiI&,fS«(A,B)*^ 
C , A )^J^BT)ffl!l!!), JBJ & Kalman ^*nl», ’*» 

M/h »ere iwiis w « a? a, -emA^r im # w ft is a m, 

A , w it , (A, B ) -5£i*7 Bite H. ( C, A ) — £ * 

“isj'io TWiMiS«sfr3ea(A,B,c,D)*nrteRnrjffii*i,jiij 
/J' 3S ®o ® ST^rF A Sc '.h (S H, S (A„, B„., C m , I)) %! 
G(r) Mi|/]'kj£Sl,_H.;f(|Sft$SC 4< n , fit 

G(s) = C(si - A) 1 B + D = C„(.t/ - A„) l B„, + D 

mm 


CA'B = C„,A‘ m B m , V i > 0 
SC fig*: 

aa = ^Vm (3.7) 

fq o ^sj*(a ,B)fo(c, Aiwarwtttsp^ifii Bia.ssi-14® 

£„,: = [B„ A„B„ ■■• A„,"" 1 B„, ] 

" C„ ‘ 

C,„A, ; 

0„: = 

_C„,A m "- , _ 

til Sylvester 

rank <- + rank o - n < rank( Of ) <k m ; n | ran k a , ran k C 1 

rank C = ranko = n,W rank (Of) 

= "= ^#.H*,(A m> B„,,C„,D)®ft/Js*3|!,®fliUA,„,B OT ) 
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jtr«j an ( c ,„, a„ ) * isms ,#M.m 

rank O m c m = k < n 

flk&tjj^{3.7)^ rank = rank O m C m o lJ 

-S D 

3tH 3.17 ij£(A, ,B, ,C,,D)«(A2,B 2 .C 2 ,Ll)JE;1?^agf#jia 

*®i$ G! S )»itfl+*i,fl 

T,$m 

A, = TA, T ',B 2 = TB,,C 2 = C, T 1 
T ' = d,(l{(C z Ci )■’ 

-i'% #rfs*»e r j y,®£i| GCijwttis^isi^a!,, TMaja— 

"H^*ift*;£'h£-ifeo #*—f-2x2 


G(s> 


G L (s) G 2 ( 5 ) ~J 
.G.rCr) G 4 (.s) j 




G,(s) 


"A, : B,~ 
C, D, 


1, — ,4 


&X, G,(s iS, a T^USthi^MSWc^.!^„ #S<Jlfe, 
&BM G.C.OS#® BKtWJiJ[i]S jS if r=JM,SP^it 3.4 

G,( 5 )®4/e*gi5ac5Il!ji*m o H*nj#£!l 

G(*)«*se* 
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G C.i) = 


A 1 
0 
0 
0 
Cl 
0 


0 

^2 

[) 

0 

c 2 

0 


0 

0 

A, 

0 

0 

C 3 


0 

0 

0 

A, 

0 

C 4 


B« 

0 

JJ 3 

0 

lh 

D 3 


a ,® n flj SI, »J VA *ffl Kalman W 16 « 14 'AM 65 A" j£ * 

W * HT SSfU^ Til jftLMI W « & (Js M S?-if tfr fttT * % MJT & 
- - ft ft ± »j « » s $ * 5T w. wm * nj m» tt & m 

If fife). 

a#j6rS:*aMW^s; 

Gilbert ®ii}j|c» f Hrfii^itf 
Gilbert **)„ &pX m *t »{#& « P$ G ( s )T.J S 

iSSirFSJsS;: 

rt ^ Ms) 

c(s) = 7{7y 

ftf ,rf (.0 

J(.0 = (j - AJU - A 2 )"C^ - 

W; 


G(j) = D + Yj 


s - A,- 


rank W ; = k , 

a^ c,ts ,a ' 
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w t = CA 

WMttMff. JS!l G( s )ffi)—'Hca* 

A 1 ^ J 

G(s) = a A : B, 

_ Cl ■** C r i D_ 

&&&&&&*—&% r *, w\ 

i wje# 0 

£i*±,3##fe*jumrsi 


3.8 Lyapunov 


^■® ? Lyapunov Lyap imov 

A' X + XA + Q = 0 (3.8) 

Jt*,A »Q *9 *?*&)£ «&&!$<, &%—^^\l&.%\'ig.,'-&'Yh 
«,3aiX3 A,(A) + X J (A)^0. V/,jo * i3f#«ft A 

aTs*fie*w. 

513 3.18 ««: A J6fejfeM,niT?tJSiferitj£: 

(i) X = f e A ‘Qe A, 6to 

* r o 

(ii) ig Q>OHJ X>0;& Q>OWJ X>0, 

( ii) S Q>0,ja!l(Q,A)*nrMi6fj,S.aa^ X>0„ 

a,(c,a)* 






# •£# 
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Lyapunov ^@1$#?*IE&: 

A * L„ + L,A + C’C = 0 

t'&jmmm L„ Gramlan ft*, jOH*, (A , fl ) 

* BlfiW. ^n{Z3*nT2r@MSS*IE£: 

A L, + L t A' + BB' =0 
L t Gramian ^f ^- 0 

Lyapunov AJSI 

313 3.19 iHSX* Lyapunovifg(3.8)M».W^ 

(i) gX>0fl Q>0,J5!l ReA,<A)<0 s 

00 fx>oi qxlwj a ftajgw, 

(ili) ^X>0,Q>on.(Q,A)*BJ^»,Jiiy A*H^M 0 

a A %A W—-tiffin, v^O AffiJGitW—' 

*.J®I -A» = A» = #irg(3.8)£* y* .[sjBt^rm v.-BIft 
2ReA ( v * Xv) + v*Qv = 0 

HA® X>0, JDJ w* Xv>0jJfKXM.?&fi Q> 0 Sfl\J<!!| ReAsgO; 
S Q>0 l*J\MI ReA<0 o HWS(i)W55(ii)^3i„ 

ReA>0,JJW'^i v‘ Qi' = 0,sp Qv = 0,iiie^lf A ft— 

n® ,a^ &, a ^ c q , a ) a urasj» & #* 0 ^ n, 

3-9 ¥ Hr & M 


m e^ass w* 

aa, a—j® fli ^ sjt, f-a «j ^ ® ® ^ ®j 

313 3.20 ; 

—teJgtfS-'f'-XflKJgfc 
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P = P' = 


IP 

L 


Pj 01 

0 oJ 


,p ! 

AT + PA* +- BB* = 0 

;£tt£a(A,B.G\D)fic*ilE£ P flfjt&dHfe*!] "F : 


A11 

a 12 

Bf 

a 23 

a 22 

B 2 

Ui 

C 2 

D_ 


An 

B 1 

Ci 

D 


3 -‘-l 

D i 


G ft fci,# An^^.JWCAn.B^^PTffic 

iM: mmfr&m p m(A.B,c,D)nm 

AiiPi + PjAn + PjPi P 1 A 21 + B\B'. 


0= AP + PA* + BB* = 


1*2 | 


a 2 iPi + b 2 b; b 2 b 2 * j 

0^jp, b 2 ^0 fu a,i -o e 


rA„ : b, 
ic, ' D 


An 

A12 

B[~ 


_ A n 

A 12 

Bf 

A21 

a 22 

b 2 

= 

0 

A 22 

0 

_c 

C 2 

D_ 


Lei 

c 2 

D _ 


*3is 3.18^0,^ AnJiia^w.jmKAiMBosfcj^nrEWo 




L c -D 


Q = Q # = 


rQi 01 


L 0 0 


£*,Ql 
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QA%, A* Q + C* C - 0 
A Q ffl & ftt AM T i 

Ay A j 2 : Hi | 

A 2 i A 22 H 2 

_c, C 2 i dJ 

Wl 


A u , B, 

C\ D 

&J& c; w-'hssu #_a,;g A ni *as,j(iij(c,,A n )*iirit!i,ijj. 

/J-'gCa.PsSIS-S'Sie'H:- Gramian P fHi'JSEiS+t Gramian » 

(i) 4- G( S ) = [^--|^]*-^««tfj*Stt; 

(ii) Gramian P]^0 

AP + PA * + BB * = 0 ; 


(iii) & PrtMikVM$m:P=lu i u 2 ]\ Al °i[l/, U ? '. k 

- 0 oJ 

0 RlU, l/ 2 ]# ©'**#; 


(iv) JjQJ fj(s) = 


~u; au x 

; B~\ 

cu t 

! & j 




h *¥ nr * ffl *b & (& m ffi a a ?s i * wr $> *i| -p 3? & „ 

fS4P A^diagCA.^A.j), 


3s + 18 

J 2 + 3j + 18 


G ( 5 ) = 
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- 4/a i 1 " 

— 2 : 2a 


L- 1 2/a ! 0 J 


W §7 UK °T -J£ ^ Gramian &i 



p VXfcftrMfo 

4n*±i£p 


ins®# - 

Tt8<MGramian Jg|^ Q « 



H*^r a te/KM 1/a 2 aMgA.&iS^ Q 

X=t^rttStfj>iTmSJtt^K3SWo nftett(SE«I)«S) 

a*csssifj?iA--«'- s i i nfsa,a#a;ai^rt}T«rtefSiw 

Gramian ®Je G = [^-; J , S|J 

A ;6#l£Klo ® P fH Q Gramian MPPW aJXM'j 

tt Gramian S> P£, JM Si 313 3. 18 "Jft.J'fCJ -ft glj SS E. “F ?ij 
Lyapunov 


AP + PA* + BB * =0 

a*q + qa + c*c = o 


(3.9) 

(3.10) 


#-EL P^O Q^0 o $:Ifn,(A,.B);^/pr^, if JL{3t^ P>0; ( C, 
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Q >0o 

.t=7r,m 



Wffff Gramian $EP$$t$lfej£ P = TFT' * <5 “ ( T 1 ) ' QT ' 1 
tt.Sfj.PQ = TPQT~ Wjtfc.-ffiWjSS-KT.M-'h Gramian && 




PQ = T~ l AJ\A = diag( A l . ■■ •, A r ,) 

M T" ! W?flit ft PQ WJKTWffifiH'A, HJtj p>-<) 

U Q>0,@riy PQ ftfKl Jordan *ttii .1 I) ffi£S*SMtEfo 

m* *ui - w, (a 3- m W'lf «.v, -e n& »j vat 


P = TFT ‘ -= 2 
Q = ( T ~ 1 ) * QT' 1 = S 


=8:^ ,2 diagCffj, a %*“■, o„ )XL 2" — A 0 W Gramian 

^nJSEJBtt Gramian Ip, BP P ~ Q = 2, W &Jffi #! * + 

*r a-*+#£&)., is&jiafiM'ij <?•> 

HankeH-^Ao 

iW * Aft /J' s.- SR, M ^ $ ft, ft 1# S 06jt $ ft JS. #c &: 

SEM 'nfjett Gramian JEPf iftl BJ Granuan S' Pf H] J*j X-t ft pf . 

sawaio 


£8 3.22 «P»Q T,ft# 

^ ] S, 


TFT 


,(T-')*QT 


0 


0 


L 


OJ 


Oj 


,2, ,S 2 S 3 3il*iHkeWAWa 








# # tfc- 
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vtM: p r 1( f :i 

n o l 

T ' PT ’ = lo oJ 


s 

(rn l QTi ] 

M#&eS*RP$ !/„«TSa4 


|~Qll Q]2~j 
lQ|2 Q22_ 


u, Q..c/r 


[* "U 

Lo oJ 


> 0 


a 


M4( 


07 ) 1 = 


' L7i 0 
0 / 


(t; )- 1 (t;)- 1 qt ] - 1 (t 2 )- 1 = 


0 


0 012t 

0 Qui 

L 0l21 0 (22 ^ 22 - 


® Q>o Oi22 = o,0fwna 

r / 0 0] 

r 3 * )* 1 = I 0 /o' 


(77 


L 012 J 


0 / 


(t; y l (rn l (rn 'Qi\ Ht 2 ) '(t 3 ) 1 = 
0 u 

00 0 

L0 0 Q 22 - Oi2lSl 2 0,2lJ 

v 2t feTj£&5L 


U 2 (Q22 - Qi2^i 2 Qnx)Ui = [ 23 °],s 3 > 

L 0 oJ 


0 
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pr 1 "' 1 o o ] 

( t ;) 1 = \ o / o ! 


o o u 2 j 


]RSL 

TPT * = 

£3.23 

iER§: & pmQ i-.m 

t ^rm 

tpqt~ i = [ 2| °] 

L 0 oJ 


T = T 4 T 3 T 2 T, 


) 1 QT 1 = 


0_ 


OJ 


:3.24 G - ~j~ T, 

j Mr'RtH\~FM G rami an P 


&#G= i 


f TAT 1 : TB 
[ CT 1 : D 

-fO^TCiramian Q : 





“2, 

p - 

0 

,Q - 

0 

2-3 


0_ 


0_ 


ft't'.SLSj.Sa ttjy-jJEfertAFfi 
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■nr^SJ— 

(i) itwerett Gramian nlma-ffi Gramian P> 

0, Q >0; 

(ii) afiS R.ffit# R = R' R-, 

(iii) # RQR • i?OR “ = UX 2 U" ; 

(iv) % T _1 = R " WZ' lti M TPT ' =(T* ) _, QT ‘ = 2,Jf 


r TAT~ l 

: TB 1 

l CT 1 

: D J' 


Hankel , J|J 2 = diag(ff 1 , 

°Z> — •<*,,)#- >ff„„ iU**fJit'T- r,£■ ff,»ff r+l ,U!j.sp 

**«*«#,jtfSWSpjSttS.'ECI 

s«w#i*65^ag^\jEs,«a p= i,q = % 2 fn 
SI P = 2 2 ,Q = /,awff.3;«i5«?f-^jiaWtt^j5 


3.10 


-^f ^ 31 @ i£ +0 ^ CKj fj —d' ± g? fu) S ft zflj .iS S SE 4 1 fr5 d' BT fi ;ffl 
/«Kd>Bi®SI8!l6<j^^^^2j|a]® 0 TSliJ--'f'fflli 1 g-f- 

M @^ iS «-I'^ ®c T * gE in TII gif S : 


JIlT 


^ - 1 1 » 

Liii 


.! + 1 | 
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g(s) 


.s - 1 1 

5 + 1 S - 1 


1 

S + 1 


is-*®,# 


*1 = V 
■i’2 = « “ C 



MH.,>K3*t5£a ( ^:ei3£«[iS iJ£^HTem^r 
M«IMc 0itt,itPS<O*&«$ ^(O^Jtj^toifMPAWatfjitA^ 

& to# ilWtf&T : 


^ -V * ~ 1 

„ V 

1 


1 s + 1 


5 - 1 



®tB AtoMSiJM 0 it 

Sp nJM^a®effl.SP^aS--#«® Bj«S, Ifij na-# 

rna_aa|3 

±0fl4'tfl3EMI5|JS0 

* jugfn a^i® a f^aa && 
l^to^A^JtWSS###. #gC±,“*gE^^”to«E&A^A 
te*fo@iaSStMf:/Sfraii(g$#r„ 0U4q,#jSTmto'fSiiBgft 
3£|S£: 
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GU) 


1 

1 

.S' + L 

s + 2 

2 

1 

_.¥ + 2 

s 4- 1. 




K = 


s ■+ _2_ 

i -V2 

0 


J^l 


i -72 J 

1 J 




KG = 


_ _s + 42 _ 

(s + l)(s + 2) 

2 

5 +2 


0 

1 _ 

.v + l'_ 


^ £Kj, j& .1^ lr G (J) it 4^ ^ a£ #J^i,v'2 T ^^^ 

aset KM*fc£ffi£ 0 

3.11 £M£gEW«J&W?/S 


S.R MiS^fttf^SkW^sW, 

u:*® "I® 

3.11 & Q(j)€?. M» —'H/. X i»)«^!JK^«|Sf,M| 
Q (s ) &*J-£E.M.^fc(iii>^ normalrank Q ( s )) ® fa , —■'t - ' > ( 

c,« Q(s)MGm±vimM&„ 

■ [ .( ] “f 1 (fyffi :rank( Q ( s ) ) c 
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Q(s) 


s 1 1 
5 2 ll 

-5 l-l 


®%1 rankQ(2)^2j)iVi Q (*) ft JH&# * 2 . fi £J(om#* U 

Smith (#*' Kailath Wf 

ft, 1984 fp.SS 391 5T] 

3133.25 (Smith M)& P(s)e:-< [t]%&&&miS;&M,m : ff# 

i/(.s-),v(5)e:K L.s],®f# 


t/(j)P{i-)V(s) = S(.,): 


rri(s) o 

o 7i(.0 


0 0“ 

0 0 


0 0 
- 0 0 


y r (s) 

o 


o 


SO)#* P(j)69 Smith®, MW& , r J8tB: PMfojEM&i: 
Tiifl-smith*w-*ag D a 
P + 1 (i + l)(2.t + l) s(.( + 1) I 

p(j)= p + 2 (.t + 2)(s 2 + 5.V+3) *(j( + 2)j 

L 1 2i + 1 j i 


B*r 


det(P(i)) =0,det 


[ 


5+1 
s + 2 


(s + 1 ) ( 2 5 + 1) 1 

(* + 2)(V + 55 4 3) J 


(s + l) 1 {s + 2) 2 ^ 0 

£7 2E^F(.s 






#- if] sb ii 
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P,(.0: 


[0 0 11 

U = !o 1 - (.s + 2) j 

Ll 0 - U + 1)-1 


LT(OP(j) 


.'1 2s *- 1 i 

0 (4 + l)(s + 2) 2 0 

XI o oJ 


g*ii p s 4>w(2.v + i)^* s 


i 1 

-(25 + 1) -.r 


V(j) = to 

1 0 


L0 

0 1 _ 


i 

“I 0 

O' 

Pi(j)V(i) = 

0 (5 + DCs + 2) 2 

0 


-0 0 

CL 


n o on 

S(s) = Lf(s)P(s) V(s) = |0 (j i- 1 ){j + If o[ 

io 0 0-1 

mm,®. jniitE 

McMillan 0 

3IS3.26 (McMillan B)& G(s) € 
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uu), v(*)€■? 


[ 0 

W.<)G(s)V(s) - M(jr): = j . 

( 0 

l. 

# + , «,-(*)»& ai M (.v) , #f-M fi ; l (-OSSS /U-O, 

G(*)nr^ G(s) = MjJ/rfOhiC'K 
d(s)M*m& t- px m as^xjEfjt*f5^ 0 $a* 
Nl.OW Smith * * S (.5) = U ( 5 ) N ( O V ( s ), JfllJ R ® 

m(s) =- sov^jefcamwaiftte,, 

!£ X 3.12 2, deg( ft (J)) ft: * G (!) fta McMillan lift „ jt + , deg ( ft ( s)) 
S/K^JfisS; w# A(.Ot i KilSftmK*,, 

McMillan bi--% g(* ) 

ffl^,#*.h,G(s)®/h3iCa»#fC*t* G(s}» McMillan BU 
m.X. 3.13 * G(i)« McMillan JR SC ( .0 MIS ffc ft 

GSSlft.*, 

«(a,b,c,d)* G( 5 )e?i-^ft/jx3tm,i!'jffl«aTjE0J3,- 

SX3.14 ® G(s)® McMillan a,( 5 )«Hfi«lc* 

G(i)ns#m. jm*--t-att zoGcstte ocz 0 ) =-o,mew c„ 

m^s , (0*^^ ® ft 4ft v £, # s*t t ^ ® s », Pi m w 

MH 

Tffliiii—MHITJfea—-#lt—t-3x 


Oil (-O' 


ajU) 

&<*) 


□ £ 





100 


Jitt£7/^bJiit£duxn/vib^ 


2 s + 1 


GU) = 


U + 1)U + 2) (5 + \ )(s +2) (; + l)(s -4 2) 


_I_ 

(s + l) 2 

1 


s 2 _+ 5s_+jS 

'(s + l) 2 
2s + 1 


(s + l) 2 


.( s + 1 ) 2 ( s + 2) (s +■ L ) 2 ( s 2) (s H 1) 2 ( s + 2)_ 

m 

Ts + 1 (s + 1) (2 s + 1) s< 5 + l)"j 

G (s) = - ~;rr I s + 2 (s +- 2)( s 2 + 5s + 3) s(s + 2) 

( $ + 1) ( s + 2) | j 

L 1 2s + 1 s .) 

_ jyisj 

: " J(.s) 

iV(s)sfiSHUii#i|T +W PCsMjlftt McMillan 

1 


M(s) = t7(s)G(s)V{s) = 


(s + l) 2 u + 2) 

0 


0 


■v + 2 


s + 1 

0 0 oJ 

McMillan 4 , ftjg ^ ^ (ft ft 

- 2 t o 

fra®??: 


G(,) = 


“0 0 0~j 

0 1 0 [ + 

U) o 


l 

5+1 


m 


roi 


(of [1 - 1 - 1 ]+ -+-— ! 1 i [0 3 !] 


LftJ 


! + Vl 


+ ^'° 


f-1 3 


r°> 


2] + (7fi7 li[1 

Lij 


-n 
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1 

+ 2 


- 1 
0 

1 J 


[1 


- 2 ] 


G(s)&- 1 

Gilbert mmuifc* RmniitJTmtm G( s wi^Am^^ t ^vi 


r- i 

1 

0 

0 : 

0 

3 

1 

I o 

- 1 

0 

0 

1 

- J 

- 1 

0 

0 

- L 

0 

- 1 

0 

l 

0 

0 

0 

- 2 ; 

1 

- 3 

-2| 

0 

1 

0 

-1; 

0 

0 

0 J 

1 

0 

0 

0 : 

0 

1 

0 1 

- 1 

0 

1 

1 

0 

0 

0 J 


3133.27 frG ( s )% px m 

^J0/w o eC m ,{£13 G(ar 0 )w ( , = O ES 

EE: HfftimAnm z 0 e~i?fetii 

S « 0 € ® g(^ 0 )« 0 =o $_£„ 


G(s) 


g * i ( j ) 

U(0 


t/i(j) 


o 


o 


gaOj 

/^2 ( > ) 


i 

0 | 


0 


V\(s) 


0 0 
0 0 


Q r „00! 

rt I 


u^sm #ii& * n % *,(,) 
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^ 0 

= : 1,0,0,-]" e ~ " ,jmi#£3fcEE G<* 0 )« 0 - o 0 m- 
« 0 6C" ffi GC« o )tt 0 = O JSAi.jaiJ 

~tti ( go) 


t/iC*i>) 


A (Zfl) 


g ;( g o) 

&U>) 

0 

0 


(gp ) 

A™ () 


v i C *i>) «o ~ 0 




“2 


^ V 1 (^ n ) Mo aj£ 0 


I a 2 C z 0 )u 2 


L« m ( * 0 ) u re 

S|( j) , f = 1 , ••- , w 


iHH, a— 


G is) = -±- 


.u 1 !]- 


r 11 


.v ±&^tg(.v 


) u Q = 0 $ _v; , 
















*BT&ffli:.i£SI3o 0i^«5gx G(z a ) iltt ,mv,%fo 



WJ^GCDu^O. Witt.l 

M3I9.0 

5IS3.28 ftG(i))j~tpx ffi 

?tiH«,m * 0 ec;* 

O^ 7o e^ p ? 0 * G(*o) =o 

a: F, nm&ilj#;®®# 

m a^nt'i# i5£T,G(,o 

*&£?!! iftfcj$fTffi«kfHu i iiH^TiIj^^ 

?l^3.29 tf£t& r;{ s )iK?®^,jaj * r , 

& ? rank( G(^ n ) )< normalrank( G( s)) 0 

*3.30 ^ <?(*)}?—^ « x w ,BdetG(.,) 

^O 0 % ^ fJ 6CG(j,j5lj ^ 0 6 r ; gCj)(^j— 
detG(* 0 ) = 0 Q 


1 1 i 

s' ■+ L s -+ 2 ! 2 - s 2 


__ a _ 

_2_ _J_ I "~ (.t + 1) 2 (, -i- 2 ) t 

_.\ + 2 s + lj 


ffift Jb^ z 0 A g MSta, 
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i Mn*& deiGummAo 

0 3 4 V 

A : B 
C : D 

% Gumvt&&m'&m a 

mscs.is a mwmmtxj G(s)8s%gu$&& a 


QU) 


r A si B "j 

L c ni 


rank 


< normalrank 


3gJfll3.16^3tSfc z*€2M& 

\ A -*°‘ »1 
L C D 
wm%D3 -t* tfi. 


rank 


A +- BF - z 0 l B 
C + DF D 


| = rank ^ 


[A- si B-j 
I C D J 

[;-?] 


= rank 


A - zq! B 1 fi 01 
C D - 
fA - * 0 I B] 


i 


C £>J 


303.31 ®a[ A c si *]***!«*«*. hi ?0 e ?**« 


#Jl,}a* « = o,jjij *„ -'NFEmsu&&,, 
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rA - z 0 I Blfx 


][:] 


= 0 


L C DJ 

[A - Z Q I B- 
L C 


“][*' 

D-H„j 


= 0 




r a - 5 r n 

t C D 


] , jWJ ^ ^ ]« =0 


it u = o 

,Ju* b = o,M 


r c "\- 


= 0 




£] 


313 3.32 


[ A-si B j 

L c dJ 


%eC^(A,£! T 


o^ver, - ft 

# 

. n r^ - -□* b i 
[ 3 ’ •w ] I 1=0 

C D - 

mR.#v = o,m ?o 

313 3.33 ^]ii6 

iEE: * 

f A - si B] r i 01 TA - si B 1 

I- C D-f Lc(A-sI ) 1 / J L 0 G(s) j 
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□ 


^ 313.34 & 

uERS: &WL 

£E£fl|/J^,#m A &.Mm 

\a - si B]_ r i oua - d b i 
L c dJ _ Lc;(a - j/) 1 /JL o g(s)J 
m&mz * 0 Gcwffifc/Susm# 



Hjtt, 


A - 5 / a | 
C D J 


.\L , ^.H. "Ci ^ rank G ( <r 0 ) < norrnalrank G (.v),_, 
ffiU *31a 3.29 itBj#Bligifc„ 

& *, _t i£ ® g * w * ,'jx ft ® & a * •* w, m in, ^ i& --t- 

iiawgp¥ gw=okmg( s ) = *«« 

^-sjffl.c^A^rffijestSKMffjsjg^.su G(i)gue«,^-tfi,5c 

^£,18 a 

^ t in it, in## a a sst* &•*** w,« ® -rr au r 

69 M, 

rn 3.3 5 ft rn a & *g pf c; ( s ) M m -t Hi ft ^ .6 fls * Jt fiif W & jR ff'j 


^ n 
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WS/S n 

3|13.36SG(i)f rf,(!)S-f m .jH. 

(a,b,c,d)*#— t-ft/j'sca, mm&mmtoAs&ia «(«) = 

G(i-)esfej^,uoec" 

ami&ttrfe* r(0) = (A/ -A) 'ii«» «(i)»flljBW«S 

Hi* y(t) = G(A)«„/', V«>0„ 

ffiBB : ® Laplace $^,^^P4q^tt^-2'(0) = (Aj—A) 1 B« 0 
Bl.SS.iffiA u(i> = a „e"W"ftia£* 

Y(s) = C(s/ - A)-‘a(0) i- C(s/ - A) _1 BC(s) 4 DU(j) 

= C(sl - AYMO) 4 C(sl - A)-'Bu 0 (s - A'r 1 4 Du 0 (i - A) 1 
= C(s;-A) *G-(m-(A/-A) <Bu v ) 4 GU)k 0 (* - A)' 1 
- G(A)« n (s - A) 1 . 

Wit.,.vw)- g;a□ 

S -& ± H I a, ^ W 4d^ ft lil T ^ 

* o 

S3.37^ G(j)6Ai/,)A—-t #>Xm Wft’iiaa^l^.liCA, 

B,c,D)*Jt—*Sn s „GM*r G(.v)«— 

G(i) Wte * G(r n )fl 0 =C t 

a«6L" ,§felM$A J (O) = ( 20 / A) l B«| l 5'fJfAa = 
« oe*"'31 ® Klfifo rflffi, EP y ( t ) = G (z 0 ) u„e‘i r = 0 J 

TW W 31 aia B T ff-ii ® 05^A *3 K-J® (Kf« W W 

«TT.^.So 

1(113.38 4- G = 

ft •SS A 

(A - BiA _1 C)ro “ z 0 r ( ), Cj"n 0 
afl{5T=a#4 a 0 ^0,«1t 
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G(zq) u o = 0 

SEB0: (<=)G(£ 0 )«o-O®i*# 

[A - BD ‘C ; - BD 1 1 

.i,"'c. ^"d-« 'J 

(A - i3D 1 C).rn = 

Ji 

Cr 0 # 0 

<=>)# « 0 = o,na^r 

(«(]/ — A)jt'o = — BD 1 ^’o = 

G(^o)“o = CCtco^ “ A) 1 B» (1 + D«o ”■ C;r n — C.r () - 0 

Li 

hmmimute#,** ^&&&&&&& cAAm-A^ 

*o % 

3.12 

Brogant 1991 j > 

Ghent 1984], Kaikth [ 1980 ] ViA Wonham[ 1985 J ^ A f& it % , 
«f^Sa^r«fetfe Mullis ^ Roberts[l976]t^fefilfti 
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mmm -is m # ^ 


ws>a 

a?- ffl X**-x a c * S JL Wig A fe /h 

ifwtfn^. fai-Bsus 

Hardy SN =A fll =*„,= Jt&.ifr#)®! 

<*~ssftorw^*tir#g««**#flfcjgt*w j# s m s m ■}1 ^ a *, 


4.1 f®; ?£ S i'b] 


4 v*-rtC(^'K-)±WlSlM^|B),^ p • || *1 -ajJJ.5: v 
_hWffiS,W!! v S—-^jftss.®: W„ -Miffi,« r-fHpJi&l* /,-jgst 
II ■ ii ,,i</<™wr»jt:Si'fii:."«t* -'Mscm^-ftio x$jin,^ 
* * 35 EIII [ a , I, ] 1: 0f # ^ # a & Efi » j£ M m tt ft id: 3 e fi| 

II f Ii oo ; = sup I J ( t ) I 

*C . fl ,i I 

JW C[a,6]SRW«—t-JBtffiSSI, *jj««£fBj vfMisiij.,1, 

|| .*„ - j-, || -^0, ?lj*—t Cauchy 
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f'Jo 't'lt-M '• x„ I A ') - .r || .< € 

V. illXl ,r„-»xo 2-fSSSM V Cauchy flliSjUjC# 

Sll V ‘KWJet&JKjES PS]JB-3fc«-£HJ» Banach 

Si»lo « 4 n, "ft," ,«-f jitto />-£» II • li 
?*»jA-^Bariach-v;[nI(®«M';ffiiHr.fflTj 4 ‘i II • P , *11 

h(tn^SfflTBfi 8 £<SrflfHj«|pjid 9 II • II „ ffitS*,&!*»•,*• ill I: 

TIII*f Banach $ l‘fij ME £ »1?}+: 

/,,[(). 00 ) t! I hi , 1 /j < ™ : *f ® -p i </)< °°, .10, =°) €i 3- h/r 

fl-fcs# y; I r, i' < co jr = (xo,j, ,■■■). ffl/jitfJi&ftSE 

XJn 

p,-* (£: 1 --, jo 1 ' 7 

, - 

/<,,ro.co) : srHj : /„ j o,°°)-&g-@fir6', r = (j 0 ,. r] , 

■■•)« a* 

I' j- II so : = sup | .r, 1 

^(/)^(nj,i</><°c:#§— t- Kp< «, ■-,(ntesnn-tr 

SE^C-ltKlS) l CZ V h M Lebesgue iTTilliS® u (/ ) , i‘)i i v \ 

1 f \ it t> 

r #: = U / ! ^ 11 ) < co , 1 x p < -*■ 

& 

fl ^ ( t) I * 1 ’ e&s fiup I x{t) i 

r £ I 

^ 2 ( - 00 , £ 2 [o,&> >fn j. 7 ( - 

^ia ffif j|fpf ffc 0 

*C,K®*C£** 

I* «r 11 «s : - j,up J jr(t) I 
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ffl & 30 Banach £ |BJ . fiW 

X = ( JO . Tj , ■■ ) 

j, X rn 

w,TJ6, *,■ *tft S*iis$ jEtSc±5j^^-#«j, X N , Z-&XjnTi&m ■. 

II J' :| : = sup 0 , (j,) 

jtSi'BlsftjS; -%- "t" Banach j£ffl 0 , 9, (.r, ): “ ll j, II 

istmmw i 

^ V, * V 2 T SC V, SfcttSlJ 

v 2 £*wj *? 0 g*fl«i,,^es s»» Q ,/ 3 e::,,Tj';« 
iL: 

T(a rj| + Sh* 2 ) — a ( T.r 1 ) + /S( Tj 2 ) 

K'Jft T *«,4±#^- c iftrfn ,<> v„ >j v, 

r6 V„,* To jt = Tr To: V„ '-*V, V* 

±-*t T«fg.*,e>J T| Vi = T 0p fi-lTM, W V,CV, hft T„ 

muswaittjr^ t : v, 1 —*v 2 t„ afj-^ras. c « 

ip,^ J-cz v, =• ■/.""" ,X4- 



r A i 

A 2 

T = 

lo 


T 0 = 

[ Al 

°1 

L 0 

OJ 


Jfl'J Ti 1 , 0 = To = 

sj4.i av,* V; v, Ki'j-sj 

v 2 wtfts** T.flr^f 

1 Tr ! l - |i j | 

StM# v, J A8_V.,W(J V! m v 2 «C>;Sft't±RWS«l,ie* V, 

sv ;i i-tstt.&fcft 
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4.2 Hilbert ?5 fa] 

0 tz,ft Euclidean •£* I'oJ " " _h*t? .SC &J |nj it F*3 ® 


<x T ,y>: - x " y = Vx = 

M 

* 1 

1 , y = 

y i 

* i 

jrJ 


_y n _ 


SEKi^^^KjiiTrtittp'sWfl^ilj3|Eo {sj®, •1'fsj# j m 
■Yk&ZX^i 

1 j II : — ■■/ (-r , 1} 

Cos^U >3 ,) = | ] it’ i f ’- v) € f 0 -*) 

if-wth;*,, ,y) = f .mm'tfam.fotj&siLiiL&i a 

C" ±WF' 3 #i^a#r 5 lJiir^j. -te( 

4.2^ V J$Z J: #j — -f* ft JhJ , JjJiJ v _L ft) ^ ^ 

mmm 

<*, ■>: V X V I-^ 

jc,y,z€ v J&a,/3€Z M 

(:) (x , ay + /fc ) ~ a (r*y) + z) ; 

(ii) (x ,y) = Zy > x) ; 

(Hi) ( r , „r} > 0 ^ x#0 o 

faif^lBj v ffiyj- ~ jw] i5 

—|| .r II : - vTxTT), 
M 4 1 #J^ £fco WW\ i&, foj ft xy |ej ^g 

d(x,y)= II II p 
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—'I'rtM V 69KM'lolil x y ifj W JS (x , y) - 0, MJ 

xlj.. 

WJSfcAS x ij®-&scvii£,iB* .t±s« 

$ 94.1 •$■ vs-rti$i5iMijev. ua 

(i) l(x,y>l< || .r || || y || (Cauchy-Schwarz i4 

W.^SliStSC , IM.WIffS a #.r = ay l&Xl&y = 0 o 

(ii) II x + y || 2 + II x - y || * * 2 || ,r II 2 4 2 || y I 2 (^p-frHASl 

(Hi) X I x + ^ I, 2 = ,|j x || 2 + j| y || 2 a 

— ^ Hilbert — JS^r iWft |BJ „ 

MS;, Hilbert 'z_ I bJ til JS t- Banach ^ fsj „ #] Jn , #1 ® ’g‘ (*J $R;£. 

C” J6—(WKSBOHiLbCTt&pilo E—jRflfe,hI£^1iE,Srt5K 
fcXlk 

\A,B): = Trace.4 * B = 2 Y^ S L, b „ VA,B6 C 

MT"*'" 4A-i'(4'PR#W)H,lhQrT £ fSJ = 

TBft-Hilbert ^(u]»#ij^: 

1 , I 2 { ~ 00 , CKi ) 

h( ~ 00 >°°)W J FA‘nj«l : t ; 5 !l 

X = ("‘.X 2 ,X_1 , x 0 , JTj ,Jr 2 > ■" ) 

I r, l ! < «= 

I.jlt0ftr,yey -o°,«>), X%! 

{.x.y); t- 

1 2 (-“,“)^T2IW i 2 (-°°,0)* / 2 :0,^)nT5l|fHtt$.X,^lJ 
eB®SI1 x = (-,x_ 2 ,x ,)* x = (x c ,x lT x 2l ---)«J^!flJftlJ® <J 
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m Hilbert 


( x t y } 5 = 2 Trace ( x * y ;) 

2. A(O.J<=3 

A(JCZi* Lebesgue 0®) 


</.ff> = { /(») * 9(f)dl 

(y.9>: = f Trace[/(t)' ff(«)]dt 
J 1 

a£o,°°ka( -«5,o] ^ , ( — oo , oo ) 3 

(0 a= ^c-™.“) Hilbert ^ 


(f* 9 )i =| Trace[/(t) * g{t )Jdf 


Cii) A- = A[<K°°) X 2 ( - 00 , 00 )&5'f£|BJ, to (<0 0'fi^ 

(iii) X 2 _ 8 =X 2 (- oc,0] ^ 2 (- 00,00)^^^111^ £ >0 Eft 

^ ^ ^^"1" Hilbert ^I'^MCJ/ , JJJlJ JVf #j j£. £ 

jj::(jr f 3 j) = 0 , V jy 6 M f jf 6 «¥f 
nTfiEW.M- Hilbert $|a ]) 0 M = 

■^ 2 + ^ A .Ml M x = A - Hilbert ^|bJ 0 ^ M ffl N ^ — fwj ft 

V £ Mf] A r = \Ql —t-TClf c6V #;nj^ 

= VW^J-MlM ifflN &9A?K 

V — M©N e ^ V —^f^|R^|a] T M ^flN JUiJ 

ION f & 
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i' 2 ft -C 2 , WiEicfifts SS'fmftkW 2 ( - oa , c °)fi ^2( - “ 5 .0)ft 

4.24 Jl Hilbert $ fff| , 4” M J1 =4 ftf - W^F £ff , WW® 

4'*i® ^.ftftie—wwa re m fi. v e« : .fit® •« = jt + 

v 1 0|i ^ '- iVfeBlH -1 " r rS iffT, jc £ M Mfill (i, M) | tj - tr I] 

/SiKuS-fa®, 

4' ft =v 2 AHilbert aw,4 A A-f-M^ ( 8fcSf2!| 

Wft^ft#ie-,Ji!!Jftfti>i—WJFft a* 
jt 6 =v, ft 31 e =# 2 .ft 

(Ajr.jy) = <x,A‘ y) 

^■KA*«:*e A a 1ft', # A = A" ,1<1!) A 

<4 <* fc—'l'Hilbert £|t|,MC=V % — 4-NJftMo * 

-I'M. je KltPJS glWSIfp «£ 

P(.r t y) = j- , V tr 6 M ft _v 6 M 

wi«t p Aefcitsu m 

4.3 Hardy St's] =V 2 W 

4- SCO *—/(s)*—S hWfitftaa 
/( i ) : S i -* 0 

* /(.Oft s *„ A =0 WK4'4Pi>£ftaaftia.JliJ$;;ttft,&. 
®oa«¥«fo *:* l:,S/(Oft.£ Z 0 J&tfWM.fl'J /ftAzo aft 
wa.ft.'S z 0 a®f4ffsdasflftft.is zo aw 
—4-WiiSftaiito t s ®sft.4 z„ a^ftwas 

SfeWJg^.nmft,^ z c aiStffo *r-4-aSfc //.Oft s ftftj&ft 

S W®— MWMtii .Mfe^ft s %— 

s*«?ft s s *m#r c . mm,8?#% 
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*m *t*fcJW0r 3 

^14.3 ^ S S 

^rt^j§W,iW(*)i£ s ±esifi^<fi^s wiiff±5tw,w 

max I /'( j ) I = max \ fXs) I 

,es * e fl 5 

S/i;s «&#, 

1. A0:a)3sra 

£ iijA -c 2 , ft—f-ffi jS. ) aSIfe 

Hilbert f sj£,bp 

I Traced F * (/«)F(jo>) ]dto < °° 

*f F.GG £ 2) ® Hilbert 

<F,G): = Trace[F* (jcn)G(.jw)]dct) 

Hff* P*J««l#M?E3Sdl TiC^tii t 

II F II2= = -/TfTf) 

■ M Jp, #f± :£«.& to £ *f IE JS'J & $£ ftij£ 

AO'S)»^(^KW)^(Bl,M ^ 2 (>ib )Jt 

2. =«2 £|Bj® 

^ 2 ft ^2(>s )w— f(.o&rc(j) 

II F II 2! = Trace [F” (a + jtv)F(ff + ju>)]div j 


© <X 2 ^fnj Jf p s£|tj| ,p^i(p^L 2, tta Hfftj ^|fij 

Hdrdy^ra1,^*1Sffit!r^^G H. Hardy ^ 

£Ki(&h32? H)., 

GC # !*L Francis[ 19S7] 0 
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IJ F Jf I = Trnce[ F * (jai)F(jto ) i'dcu 

@jfc .a f£«t- * a 

$o 

3. ^2~ 

A - £ <#2 # -2 a 

A 1 ^To MM, 

# v ae a a c~ 

Ht£ A LaplaceCi#, 

Fourier) 3£ & #J ^ ^ c % |^ _t , «T VX ffi ^ , i* A X5t j£ Laplace (j& 

Fourier) 32A A A f n 3 \M fHj —AA^ /£ 

Parseval ^ Plancherel £ 

«) 

AC- ffl ) °°)^ a0"3) 

A [0 * 00 ) 2* A 
A(- °°,0] 2i A- 

®ltfc,^- flf(«)€ AC “ 00 , ™ ) ,JI^^ Fourier(^cXXi£ Laplace)^ 

G(] W )eA(;l ),WJ 

il O II j — II gr || 2 

£*IE:£&*£ 

P + ; Af“ oo ? oo) J-►■ 2 3 [0 , (TO ) 

MWt||/(Oe AC - g(t)mp< fit) & 

fit), t >Q 
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>,-- w 4 .. ,3" J=,g (,; ,:: : )^lj H fl^ M , 

^ X P - ^ — > h £ i C _ 00 j 00 ) A ( _ 00 ’ 0 M. A (j '* ) 

SU ^miFSESiLM'l# ^1*1 


x 2 [0, °°) 


Laplace 




p4 

A( “ CO t CO ) 


Laplace ^ ^ 


I- 

A O' j. ) 


P-1 

A( - “lO] 

m 4 . i 


l p - 

l.aphtcc ^ 

ia*» ‘ 2 






4. -C„0’R J’SR 

4’„(jMi£f£HS* Banach 

$ m, £ >£ _h («fc) , ftW&SIt 

II F || «, : = ess^sup a [ F(jaj ) ] 

5. 

8<|-^(«)?&-R,Wb«»« JFt 

II F || a, : = sup a [ F( s) 1 -~ sup a [ F( jtu ) ] 

Hefi)>n o^.fc 

WHJ#itL Boyd ffl Desoer[1985]W Jl*. 3F^ IR ffl 

^-#5;. *J5ff*nEjNi ,££«f#*a«3gftttJ£ „ 
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6. =«“S|H] 

=*-ji 

##j? 0 

II F II = sup ff[F(s)] = supff[F(jtu)] 

Re(i)<0 

mx. 4.3 G( s )6^^,jwa#«;s*iLa*.Wfl£ 

iLH*6f)o 

&=F x„m 

(i) m G(i)GG( j)-£ 2! = jG(i)/(s ):/(»)£ Ale: 

-^i 

(ii) ® G(j)£«W«, ,JH| G(*M 2 : = |G(s)/(i)i/(i)€ jf 2 i 

(iii) ^!f G ( s ) £ , IHU G ( 5) : — 1 G ( s ) /( s ): /( s ) £ 

Si 4.1 

^RJo ■c^ilH]ai'ffl3fES^f=-§,TOitSjfs« + !a!j 

M g , X 2 1 -‘ ^ 

Mcf: = G/ 

M G ,x\ 1 —- 4. 

8P/;ft— x 2 +o !KW,^=t? 

$ is*/^w w® ?r , u ^ m m ^ „ 

Mg - M G - o 
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zfTtt&ttimmnTmm* 

IS 4 . 4 ^ G€ .' ,.. *; - px, Wflliiff Jl| II M c || = 
II G || „o 

a4.2 =h 2 (m 

**■&**, SP 

II II = II M r; I ^ || : = supl || Gf | : 2 :/ € =» 2 , II / II 2 < H 

fi¬ 
ll M g II = sup! I! Gf\\ 2 -.j € A, ll/lli< 11 

#*. II G || 

II Gf II 2 “ 2^J /* 0 <«)G * (ju})G(jw)f(jw)dai ^ 

II G || L ^ || f(jtti) || ’da> = 

II G || l || / || | 

*TfiE?l II G II ru,,,®?# s 

[GO*,) ]***<!, BP 

i[GO B „)J = || G|| „ 
e G(jo J „)Ki*#{afi-*» 

G(jruo) = du l (j(oo)v{ (jw G ) + Y! g.u; (jgjQ ) v ‘ ()qj 0 ) 

*'f , ,r6G0- I .,)»SE,JtifcitiS G(j).ft 

fi^sssc 

-3 G(s)^fi-^^ 

fist,/ ^iGMS^SiRSSr- 

^ <uo<°°.t2 vAjaia)iH 
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v s ( j(0 n ) - 


j&r 


a 1 e 


jrff, 

& 2 e ’ 1 


}& J 

L<v* "j 


@,e(-7T,o],</ w#[#fCc 4'0<ft<t 

(2? a,=o, ws a = °°)®& 

«■ ■ 4 ft£) 

#4 / (ir a, = 0 ,jijijffl l : 

Pi - ■>-] 

"'Pi + J 


/(*) = 




(h_~J_ 

$2 + Jr f (s) 


I /( j<*) 1 


“‘ft * *J 

|c ^ I cu — <U() I £ §Jc I a/ •¥■ ey^ I <C £ 

lo 

c,mn c = 

II G/ II 2 ^^[s[G( - >«)o)] 2 7i - 1 - o[G(jM 0 )] 2 n:] = 

5 [G(>»o)] 2 = II Gill D 

iBiaa,*«.„=«>,»a„ 
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4.4 

■$■ ucnx—i' 

F„„ ( r}: = lini ^j=J" « ( f + r ) “ " ( r) d * 

P, 1 Sfcm.ff2tRxt8r-4} ikMScm 

l,R„(r) = R;.( - r)„ 

«t Fourier ;g~ Fourier « ft 

i#£A,-E2) S„„ ()<«): 

S„(»: = J”° M R„„(r)e' J “ ,r dr 

6fe J?„„{ r ) nTA^ S,„(/<w)@fi^ Fourier 13i56@H#H 
R “" (r): = 

K(«)w?tr^*®aaiS[ s„o®)#4(at s„„o):x®w#?-# 

9 “ 'I »■ = ^/ l™ 2 tJ_ t II «(*)! 2 dr = yTraeeTR™(0)] 

S8' II ' II ;8:35#ft Euclidean ffiSSt, ftTtS £ D — 

*$¥ffi»»ia#ft Lebesgue £ p ffifStES'JJFo ft # ^* ffi ijtj 

i r °* 

[I u II ^ Trace[S„„ (j<u )]doi 

**f*° «esMti s„^s„(») = o*^ 







http://vib.hit.edu.cn/vibbbs 

— — m 

=g «6'JP HS !i «<f) 'I ■= «up, || u(r) 'I < 
oo.jei 1 u i! ,« I! « II - ffifcfi 

in,4^ 

. , f l. 2 2t < t < 2~ l " ,*f k = 0,t .2 — 

W ( * ) ' ^ 

Lo, XfitfrB 

WJ lim T « 2 dr 4'fti±® ti,S, Jfj ?? i,i •//£ 5fl ft “E 

^®a#WHtfB]_hw^giEfH^,teM?<s,inf«j--t -f 2 fc g—fr. 

Hit, II • ||.. 

*»**&*= 

3® ft, 4- G ^ w {£ iHi ;(/) 

fi„(r) = g( r) * k,.„( r ) t 0 - ( - C )A 
s a 0 “ ) = O(juj) S m (jru ) G " O'to)„ iSS#© ft ”F“ -li'+ ii vV 

* II S,,„()«) [[„<<»,WJfS^ «(£)ft^rA Wti 
*o (Hi*-ft ffl 

S: = l«(i) e -■ ": .1 s u .o<u) II,, < «; 

SS= » II « II ,: = v'Ts^(>TT^* 

*£■ s 

to®ai®ssa^A*)»'a-§-#a/ = 38-fa*, ^ n7ffl*@>>j|ssig 

4.5 

ift£J6f6iJ X e N JSSffi & R ft ft: fu] & # T ® w # #S ft H & 
“ ft” W, #J in , ft—'f~ Bj |g flj & 3ti ft ft VX R %. Si # ISC $ ft ftfi £ ft ft 
fi-'I'-B. ^fSXSWfilil^SnTNSfi^ftjl^AfaKiHit 
^ £ “ ft M« M ft — ft & & « £ $ 5(1 & m m , tt ffj ft % # ^ 
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A,>tA$i;AA u A £,f#i2l£^A G6^„: 


wn^ia- -^©s G( s )^rt&iHjnijw.Ki g<~) = o,^#jtt 

£fttN$± At 


Z = g* U 



#5Hfe# 


fffn(^) - ffi„(01 r«:/i(r)- 



j" Gr u (s) ■** Gj^l-Ol rG! C .v) ‘ 


■C p[ C >-) *■ ■ G Pq (-0 - -G,, ( j ) j 


,&( q fait, GAO 

r^JMo Sr G^a^—AHA^£|^JiJfttH^(ni«||:-f ,5PJ«7^ G 
/ij - - A^ffc 0 AfM$] #Jifti# , rtfj&g; jg- *j — #j4& A 

" ^ * ft *'K fc«c sr $ £ tts *J A 

i*2JMteA& 0 

^A fi\ Aj^ %T, AN RtfA/^alr GA AA-$t A^ 
&T®Wt^ 0 i±M 

« 0 es (( A -A^A^aAfs 

FWijE0J^4.i o 
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* 4,1 


&A »(*> 

ffi& s{t) 


! « 1' 2 - II tw,) 1 J = 1 SfMfl ' : 

«(i ) = u 0 <5( t ) , B 0 £ J\ ■’' 

!l * !l - = S«« - 


z II .? - 0 


il " 1 2 = w 

12(f)- *tySltl£u fl f , fi 0 C R ■* 

Jim sup maxU,( r) 1 = i| G (_/&>(>) u$ | , = max | C, (jw fl ) M n 1 


II Z 1 v II U u I 


OE$R: g( t ) = J? 1 ( G (s)) o 

1 ■ w = «o ( K*) 

*f U ( t) = U 0 S { L ) , JS>J z(t } = g( t) Uo,hk If Z II 2 ■“ II i/M f] il 2 


& II * II-= I! gu, || „„ 

Parseval II gu G i| 2 = || Gu 0 || 2 IE , 

i r T 

II z II % = jim ^« n # y* (t )g(t) u c dt C 

Jim 2 VI Trace l O )y(0 idf || « 0 || 2 = 

!im ± II C IJ | II « 0 J 2 = 0 

2 . w = w 0 sin£ti 0 f 

w (/) = «ysin( e^n £ ) tf^f , ^ a-^hflu i±l 
O =1 G t (jw t >) w 0 I sin L aV + argi G ; On) «o ■ 1 (4.1) 
G.CjojoJuo^O, 

R^(4.1)iE^IW^WfH^^lG,{ Wl ) Mo Lfflt 

linn sup max j *, ( *) 1 - max I G f (> 0 ) Mo I = II GO 0 )h u || « 
*4* 5 s ; : = argGJjco ) u„ ,ifllj 
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I (TP 

= lim 2 I G,(_/wo)«o l"sin 2 (cti 0 * + = 

7 2 i J _ T t - 1 

- J 1 f T 1 

2 I G J (;^u)w 0 I 2 lim 2T J 7 , sin ‘^ a, ‘ |f + = 

, 1 r T 1 - COs2(o^)£ -I- ) 

S I G r Cj(wo)wo I lim 2 ^J ^ 2 — 


4 V l Giijw^ua I 2 - 4“ II I 


□ 


Jl u (i) - tt 0 sina; Cl £ ;H—i$ SI ^ ^ ^/tf > 

z(t)&mmi&& 0 ^ *(t)& m x±_&'bw,m%\\,\\m 
sup^.maxj *,COI^^W,ISlI«fniJ£KiKa^^&#r-WK^tt 
iS* &&£UTiWftift&j£ia «I 0 W « n ejft-k: 

lim sup max [*,(*)! = j! G(^ 0 ) *<, II „ (|MM 00 ^.^C) 

« 0 nr 

* II GOo) II arfb'.tf&^jfcftifr 

ii gcm) !i 

w->hflEWo ttssij(2 2 — 

eft 4.3 w&itj* 


*4.2 


®A uU> 

Ifciij zU) 


^2 

■^2 

■ u l| 1 =■ 1 '! u II 1 d/ 

Jq 

II G ! _, 

s 

S 

It u | ! = It s uli || « 

Il Cr II - 
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<#> 


HA »u) 

Hi *(*) 

fpT 5 £$S[ 


s 

*p 

II u II j = “ j Trace f S„ H ( jot) I dtu 

II G ,1 2 

ip 

iP 

1 ; « 11 p= = 2 ~J Tract 1 S UII ( jw ) f diu 

II fi II - 

jr„ 

- 

J u II m sup m ax. uXi) 1 

max \g,\ } 

1 k || ^ = sup II a f f ) || 

A [ II p( O I di 

J 11 1 




s h —*S U € S , j»?J 

— G(jb))S ilu (jti>)G* (jcn) 


cr[ Gt^o)] = If G || oo 
s—## S BB O 0 ) = J 0 M 

U s«(» || » = || G III 

5 —£P 

II & II sp — Trace | G ( jca ) S„ u (jtv ) G * (jo»)} dty 

s HB = i 0 $\] 

II z || , P — Trace! G(j<v } G * (jco) \ dto = !| G || \ 

6 h —^ u 

II * I * ~ ^Tracet G(ja,)S Ilu {ja>)G* (j&) \d<v 

li Z || g> ^ fl G || oc || U J| ^ 

d[ G(jw 0 ) j - || G |J * 
ifi G(j&> 0 )ftj^#jjg^$$^ 
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G(Jcd 0 ) = t?u l (ju> 0 )vi (j(O 0 ) -I 2 Vi O^o) 

4 1 , r skG 0‘w 0 )» w,, Vi o 

3n wo<“,ifi ■u 1 (jco q )^3 

jrfl. 

1 


t/iO^O - 


■?<^ 2 


JP. 
L«g^ < 


^(-K,G],ti 9 JSG ^ ()<£ 

<D 0 (^ ^=O f jq[f ^= 00 ),^ 


9, = 

' A +- )(tJa ) 


U i u d, = 0,MTiftiffl 1 ft# 

ft - *' 


A + s 


«(*) 


ft - * • 

L ft + s 

ft - ■< 


1 ft + * 


*(0 


fty ~ s 

L“’ ft + -v j 

^4* , w ( £ ) = V2sin( a> () t ) « J3U J?“ { r ) = cos( <i> 0 r) , ijjfe 
II u Jl * = J?--(0) - 1 

jffc^ 

Suu(jw) ~ — Ctl()) + o(w + cw 0 )j 
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S uu {jco ) 


Al - >tt»l 


Al - 

* 1 Al -* 


ffl Ai + j" 

A2 " J<* 


As - 

ai $2 +■ 

S UX( { joi) 

° 2 A2 + >«* 

A; “ ><" 


ft - )<*> 

r‘A + >*» J 


L * ft + 7 _cu -1 


u I! <r ~ 1 




I % — ^ G (jatQ )Y + y cr [ G ( - jtuo ) ] 4 


(j[ G( - jw 0 )] i = 

II G || L 

3Sfelitb,# ™ 0 =“,nrfti;M4- «„■ 




1. f^-max, || ft || ! J 

e„ C t ) 1= |j"^fl f i -C'r)w(/ — t ) d r | ^ J | g-(r)ii(t - - r) I dr ^ 

[ 2 1 9ijM I dr || M li „ < [ 2 I &A r ) Idr ;| « 1 „ = 

II ft II, IMU 


_a 


II £ II »: = max sup I z t { t ) I ^ max lift II, i| u || „ 
max,- || ft II ! 

fa max, II ft. II ft i = l f 0 

«(*o “ r) : = signCft* (r)),Vr 
if sign( ?1 * (r))Ji^^Mig 
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ft & n & ic . ii « iu=i,.e 

z- (t 0 ) = f °Si( !■)« (fo - r)dr = 
J 0 


f”2 i 

Jo pi 

Pl/r) 1 

dr = 

II Ii i 

tf 

-\ 2 
Jf o f** 

1 fifi/r) 

il z Ii „ = 

1 9i 1! 1. 


2. II u{ t) || »: = sup. 

II «(t) II 

M 

1! z(t ) SI = 

r)u(t - 

r )dr | ^ 

j II g< 
j 0 

[r) 1 || u 

it - t) || 


[ || g( r) || dr || u || 

J o 

Hitt, Jz IU< H II ff(r) II dr || u n„ O □ 

J o 

Jtlfc.iMPKFlt—T-:&3£*gEftl 

G (.o _ [ c -rje -*•#- 

2 = diag (, a 2 ,‘" ,a„) ^ 0 

AS + 2A * + BB * = 0 A * £ + 2A + C * C m 0 

mmnTfemo 

^14.5 

*i< II G II „ < f ||ff(«)||dt<22a i 
J o fri 

K4’,9(f) = Ce^Bo 
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ii 4,3 c;(s)A5-^«f 

EM: *,< II G II „ W * IfS A# W Nehari 7EM#£IJ c 3££ 

Eli ^ 


CO): — I (J( £)f 'Or,ReO) >0 
J o 

mm m&x f G 



.1 G || M = sup 

If 3(i)e' 4r dJ]< 



Rt<i)> a 

li J o 1' 



sup 

KK,>>1>J 

ii y(t)e-« || dr 4 

0 



f II git) II dt 

J D 


^ruE^M/n- 

«, *su 'Mfuaifcia.wij 


u >. 

_ . _ I 1 * 
s,j !o * 

; jfa ^«, a ; 

* ? J r -1 

- I 

xiX y,G) = 

u’e A,n B &#,(t) 

= C/%„J iTH 


II 7; II ^ 

« f u*e Aii2 BB* 
Jo 

I,7 u t dt = lu^Zit; 

= 2(7, 

ll A II 3 

r co 

_ # -4 tf 2-,* 

— I w, e C 

J 0 

Cc^w,dr = 2m ,‘Sw, 

tT 

(N 

II 

fUffiaw^sss^,* 



f ll p C ^ 
J 0 

) ii dj =| |2>, 

,-7, |dl<^;[ !| 

, =. i n 

II dr < 


y j II 4>i II 2 II // II 2 ^ 2 a, 

r - l , - j 


_ □ 

j/ 2 gg ^„g£ Lj ¥g;sfc 0 iSifff,^ 

i-i JIJJ =v,»?£SS; , |t|i6ta : @Jl : 9SS„ + 

X@«a® =v 2 
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4.6 £-2 W ^2 

«(s)£ A.JflyflZ, G (Si, iE*fcSeX* 

II G I 2 • Trace i G * (jut ) Oijw ) i dcu =~ 

il g II, - 



3fi ,g{ t )S/J< G „ 

sje.,in±jejt«i r 2 Gsr« 

iHin'jftff,an g(°°)=o s Lgjit,a#^fij c ma 

ifciSffiT *» 2 «;»>,!»--if® 

A ffiSStlW—ift G SriSjEM 

M.H'JW 


2t:\- „Trace 1 

G * (jiti ) G ( jco ) j d( 

Trace! C 

r' ( J> ) G ( A ) | d,«T 


s— fu £ # ^ m w * pa# ©i w m m m & ; h * 

a, II G II l Tracc!G'(s)G(s)!4K.S 1 fTiiitt^4hiaa&>) 

*1. 

^®JSJS!l±iji, J| g II 2 iij R jtvE i.«K^_hjH:Jr^p W irii- t 1 J if 

#aEg»?EtS[Wif®ic# 

ism#. 

104.6 
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G 


"> ■ !c i 0 


T 

J 


a m^o 

II G .'1 i = T race {B * T,.£) = Trace(CL c C* ) (4.2) 

££ M f L,, fP T, ^ pJ M$ f J ^11 pJ Eft Gramian &, }k jtP T Lyapunov 

AL C + LA‘ f /3B “ =0 

ft®: g 

git) = 1' 1 (G\ 

t 0, t < 0 

M 


A * L a h- LA + C * C = 0 
<3*0 


II G || \ = j"Tracc| ff *( i ) ff (/)[d( = 

| n Trace; g( t )g( l ) * i dt = 

I T race \ B* e A l C* Ce Al B j d u --- 
J o 

I Trace { Ce^BD * e A c C [ dt 
J o 

3f M"ibki A , B ) ft Gramian ft UXR ( O, A ) ft| WM Gramian 





Ce dt , L, 


-j; 


"BiJ 1 


Mi 


AL, f- L ( A *+££?*= 0 A * L e + L^A + C * C - 0 
#£lJo □ 

g( 5) e a kj 

^ G(s) - [G(.OJ, + t<?<*)]_£ G+ e^ 2 *P 
G . 6 ^^2 = i^U 




#. if] -t'C ii 
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§ G II 2 — $ ■ G( i! 2 

Sf,llLG( 4 )]. IUWI|[G( f )] ! l 2 = ll lO( «)] 4 ll 2 HTffl 

v.mmmfM, 

WM-ftTl/fSo A e, -&>3< » 693 ? i m E 

* zjt)( = g(t) ei ), IU& D = 0,JJiJ r,.€ It-11 

II « Hi-- £ I! «, I 

ft m a -■ m a w * a sr m s m m r sj * a it m ^ s se , «t # it 

Chen flj Frand S [lW2lJ^Tjit?£f[^*## 5 ^«t 


4.7 A^ffJ 


-fej 4- ■£ n ,'f#j&S>P£fi9°°?E 

». 4- GG)£ G 69 £\„ ?£««£.& 

II G |J to : = ess sup<j } GOftO I 

G W^3E»ftnr J S3J*fl9,ss;*a^5)E^:^ % -i'feMftial 

Nyquist H ±J&Js^ (BJ tfj *i (SJ, a-tfe ^ a >J 1 G (> ) I M Bode ttl t 

69**tto Hjtt,MW±-^®BS#09«=?6;»Br^i8Jg t®M, 

I cu i , * ’ * , oi v I 

M II g II 

maxcf t G ( j<i> k ) | 

a—(fisurnJTS&M Bode-s-#fiH t-.ii.4i, #- g &--bmm,w. 

-£ i® S& * nr ffi JHJ if # 0 

11*4.7 4- y>o& 
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r A - 

L?l 

Lc 

Id J 


(4.3) 

M II G II «<7 SMSstDXrSH Sfi 

r A + BR~ l D’C BR-'B' 

H: = 

L - C'(I + DR-'D" )C - (A + BR 1 D' C)*_ 

R = y 2 I - D' Dc 

iiERS : ®(i) = r ! J-G'( i )G( I ). PJJ&J&, II G IU < r 31 

{SJ=3<i>(j«) >0 XtJjfrff <«€.< If ®(») = K>0 1S 

31«3 .£R $(j)6* 

'( s )fti»±mgo aafi#w» 

mnmMitwtii 


*-‘(P 


H 


BR -1 
L- C'DR 
J? _1 


L[J?- l D*C R^B'] 

pf XSMS& Jiw 

fiifc >, J6 H M—'M$SE{i.,{S*Jft ® '(s)Wf5 

«><«, iE'SEJtCCfi-'D* C «- , i} , ],H)W — 


f 1 

' BR 1 1’ 

[h,[ 

■ - C * DR - 1 i. 


W-1'^bTR^.Sc M£,i SS;#„ 

®(rj?-‘D*c r _1 b* 

*0 : 




D * C i? 1 U * ]jt’o ^ 0 


(>oj 0 J - A ):r L = 0 
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+ .4 * );l'2 = - C * Cl' i 


JJ * Cr t + fi'ri = 0 


a x,=o & x 2 - Oo 

m , a * , & % sr # * m _t ar«« & „ 






H 


■[ 


DD ' 1 -I 1 

| ft| — 

C " DR 1 JJ 


y&„ 


u 


Ci) as--hlf r„ *i-T#y,.ffi*l y,« II g II „«y„ : 

(ii) ®(y„ - r,)/y,<i&se<j7jc¥,fflh ; ! G I My. h y,)/ 

2 3 SWI&SIIT— 

(iii) It 7 = (y, + r„)/2i 


(iv) *mjew r.aaii* h n g ii „< 


7; 

(v) £ H 7i = 7 ;?WJB 7„ = 7;iR 

=v„?£«[Wif» c &>■■; x 2 (*h 2 )m 
y f-.w«* 0 *«* 
II M || lTrace(M* M)& II M II „ = a [M J 

to#8®P£earhi*H-fife<£££ 0 n m ii \ aiiia^K 

^®«*»fli,AU|B|nrjta*PB^3|6^iiEfiiSf 5(M)<y(jtn 7 2 J 

- AT Af>0)—ff ,f0 ,<fc#tffiSE 

s*awa«*tsjiEtf-Kc 0 

a 4.4 #/JtL, II G || «,< y II y " 1 G J „ < 1 o WjI 

—y = ic a® 
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“ 1 ■— w — 

mzatm i:*ttit. 

-#s?o 

4.8 

ft * jgif it rtt w a*c£ffii w w.-t hj * te fa is* wa a 

=tf *t> ift@J,« 4a . njft Naylor » Sell 11982 ] ,& Gohberg fH 
Goldberg! 1981 ]694i'Mg@J 0 

* Desoerfll Vidyasagar[1975]«l4*'t'&S!l, -■&& ^i&gCT+tl 
Boyd,Balakrishnan Jl Kabmha[ 1989] H'5fcit ft W 0 —'T 

liil S& I0C tf ^2c !3!l Jt itl Bruinsma #1 Steinbuch 
[1990]J6tfi*ltto 
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*f«i3HMiT:5.i Wi£3IA.RaM;£!'®14,/r*3 -tWSSS 

mm#,. 5.2tr^ajsmiBijJff»astt«)^j!c. c 5.3? m® 
is. ««;&# *.v. w s (B) «££ fn m mm 3 $ m & 

5.5 r>^& 

5.6 ir«f ^@?a?+s^o 

ttJS,5.7 PWJEMft J*2 W 

5.1 

*S WA m Kl&ffl, ae N Ste»«fi-gFf A R5, fi® g $ ttiU ®f A R, 

ft £«a! ® a > % m. * it« r a a sa tt 8i, w ?r & « m m w tt m » 
*IS.t,a#SS5®8FS&®*aWJS^SitiLo KtS.RA'3iljAJS 

sr#ai»*f 

«a WAs&smiBit a# tw &= 

sift 

WiJftSSIwA-le-^ C^Tf 

ac®«a*^Wsd^pftffi ,'(aipAS6«/h^*®tt«»n|6i 0 
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Ufi a mu e * gs £ tt w mm, ® a si« ffl s .« 

«5 Jt« a^565E'l4 fHj {£ fir—'f- ^ fflig Si * -&. ft & m ft »«-■£ 4t 

£ $ *.S. Wi^ , H ft W JFJf &« ^ ^-_t/h,« « 

£ i® «f.iftK^,&^ S £ a !E«»*,S^* 0 t 3 Cll t-.ffi^sftiii 
aftf*rssew^sjfttfnattff, 
x* a * fra® vm %mm a ft-a-M » m# m e u as £>®*a * w 
s#, *«e «m jf«< m ffiBRfife®ti>ft w jp« a *£ jt-/h 

HH'H® y- 

w * * s tt ■<# ftn m 4', h ft, s .« a i+iiw @ a<; ^, t- je a m «su fi. r 

-TiftiHH fn|B! Hfft «j * i® j* 5! ® M i£ Ik £ 4' ft. £t £ jfi ft iff * „ 
>J T # a; US ffi W ffr it, ia if # £' a -ti ffi jfi f■r a jS #r J& ft Jr ?£,. 
* 5.5 ffli-tJfejifiifJC* 

f jfeffl 5.1 W -JN ftafffi 12 fn ?£ft ftl, 
P WfifriSK .S&lra/i-*?,'£.!■ r.f$sS^ 

•ft-If n I'tft ci, Wftj&liBti) “hit d,- — (ft Jt& , flS }£ filf -fj 

®-§-**£££* ft, ffitifemiipMifrtimimmik., 



a 5.i nmmrimim 


5.2 

ISSK 5.1 <P%m p fUgftmK fi*tfSiEJf!!H$ IS® 1^,315 








140 


Jitt£7/^bJiit£duxn/vib^ 


su&yam t rt£ 


( j ^ 2), n ■? ~ 1 , 

« —-^ ( r - n — d ) + —^—a, 

HPWJ1'SPff?¥ r - n -d n/&d-, PJ » 

sg*5.i -g- 

jEwa 

#£#Sgj!CfB,.a.ffl)$f£affiP*fiTEJfflUa. M.&^kkd *n 
fj« wftJiaesfflra.ftA*. rsiu 

W S J. tt ii, [ ] sij „ w fi- ii »(W # 6-: il it WJ HJ-, * SE J6 S SE 

«u 

*Tt>* 

K: =- K 

#ffifcAsis«®&M^«s<i*jasr#ffl* »,«xa 2 ,ic.?i^fo 
,-j fa ej.ww&wisiWffiJW&MK. 

« a »«r h a «5.2 **■. if * « *ji ® ». sN a « 3 

T w i 1 

m. ai «■, amjci* 

L ul'2 j ■ 

5ias.i ra 5.2 

i-K(°°)P(°°) (5.1) 

SEW: KtTffi0WiS»j£&i7iitMj5rg*;rc* 
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e\ = it't + Ke 2 
€2 - IX ’2 + P* 3 1 

(1 - KP)e i = u'i+ Ktt,’2 

i-KP Wfir«CJ®nIg®* u 



ms.2 

I ~ K( oo) I 

' \^mm; (5.2) 

L-P(oo) J J 

f - P(™) J KC“) I-»T3£iN«. 


^i apuk[^$ 

se 


p = 



(5.3) 



"a 

; b" 

JC = 

-C 

i D~ 


(5.4) 


M P(^) = P *UC(«) = .Do M£n,A(5.2)^£#|f^^-T 


i 

- D 





(5.5) 
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« * m W o 

5.3 m 5 £ 


#ii-'t-i«it*itiffl 5.2fSJEWSSt,#e^«iS«Ji@ 
g«r fflW,fB£2r®<5.3}**B(5.4)^ftiM P(s)W K(s)M 

* m Ml nm.%. w* m w„ 


^ j- >fp.r K foJi tv] 

W tv 2 , 

m s.2 


x ~ Ax + Bex 

(5.6) 

e 2 — Cx + 

(5.7) 

x = Al + Be 2 

(5.8) 

#i — Cx + De 2 

(5.9) 


SXs.z #51 5.2 5fzjv*gt&E.4Cr,i-) = (0, 0) Sr:aiS&,SP 

3 «.'i=0 * ^'2 = 0 W^ 5 fc(. r ,j)AWtrft)4g«,-iSaT"'¥.WiJiBc® 


ft ass—I'tts ffl *1# si rt a & m **£ a a. *i 

«i e 2 ^H^rS(5.7)ff^rg(5.9) : 


M = 

1 

- D 

i - 

U 2 J 

- D 

I _ 



5t+$tt#£*S£ttiiM'N8iiE. #_h^tA^(5.6)»^(5.8) 
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~ = r A °i + °" r / -d 1 jo cj 

Lo AJ [o bJi-d i J l c. oj 

513 5.2 |?| 5.2 BrsiiMm&ttf T P ftKW=tr&&«Tim*lEm 

sm£Sfi©f3LS£M,3aff3 A *—t- Hurwhz 

ffi K#Sf, 

gjl±£? p WKWtt&sisi&a&A 

©o assijw 

5.2 



a j*±!fM)#3i. jp m s. 2 mm % a j& rt m £ ©, m a *f a 

A(tu,. iu 2 ).»£{jC«i, e 2 ) ■&*##©» T(fflM5l3*W^SJta 

5135.3 ffi 5.2 WzK^0c®F’3fSS©,S.U.ftMSR<t£< l , W 2 ) g] 

r (2 - KP)-‘ K(I - PK) J 1 

„ I (5.11) 

Lp(J-JfP)- 1 (I-PK)'J 

r / -t K(1 - PK ) 1 P K(1 - PK )- 1 1 
•- (1 - PK )" 1 P (J-PK)'J 



MT 




^S'JftP *K©3TS;)HPl^«*5Si, 
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iLiji MBs.2 

ft 



ifiJaW-'f-irguja^rS* 


h 

D 

H = 

0 c 

.' x l+ [“‘l 

: - d 

f 

U 2 J 

_c o_ 

- j: -1 t sx > 2 - 1 


* rn ft ft « M, W a £ tfe & tt a afc * ( / - dd; = 
(f - Pk)(<®)ftnrjtKl > Sjlt,(i -fk)ftnIa£W 3 iSl(U,EllTffiP£ 


A = 

A 0 ] 

~B 0 n 

r f - d! 

0 


La aJ 

_0 B_ 

_- D I J 

_c 


^ 2 )srj(e ( , 

■J'Wfncrto 

1*1 ,#S<Jft(/- rk ) 1 jEW, 8 : ft #(j - rk ){=»)-(/ - dd) uj 

ar.wm 

D : = r ^ -o’ 

_- D I 

151 J 1 e ' iM'ffji® 

L 'Lt,' 2 J - ^2 J 

pt-*j 
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if 1 

- D 

f- 

0 

c 

(d -A)-' 

l L- D 

1 j 


c 

0.. 

- 




0 “ 

B_ 


Id 


i 


0 c 

(d - A) 1 

~B 0" 

c 0_ 


_0 B_ 


If *S,fi-T(A, fl, C')f[l(A,£, 

sujfia 


' 

“B 

01 

0 

c]' 

A, 

_D 

Bj 

_C 

0 , 


s&sftsfee, «t^JC( 5 .11) + (fi±w m t -#&%•&& & 

iiiStStA 


3nm 



‘s + 1 

s + 1 


[ e *L 

y + 2 

(s - DCs + 2) 

[ W, l 

U 2 J 

>' - 1 

.5 + 1 

LtJ 


„s + 2 

.S' + 2 J 


a 5.1 J&^iij ,Sf— 

«is* (®r ffiwi ') jc m#* a * *-« & w> in a ?f m %t 
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£tt« fiE T £—^ % m ."<f (ffifi MSP®) ft AM ft^ *MT #, W £ 

JR 5.4 # X 6 , M SI 5.2 W, aust S'b' 

M£W,1 P(f-XPr ; <E<AJ/„ 0 

«EW: ynuf.WJi'Ai±,P,miif.W(l-Pk)-'€ 

a.ftsT&Tstwaj.eii 

(/ - px)~‘ = /+(;- pk): 1 pp 
jc+.u-pk) 'p,k€^ □ 

^s*it±s#«eatiai£ws® 0 

# M — 1" 0 ! JP# a @ it 69 % ® tt, H ^ ®-g-# ft ®| H ^^ 

aS69®S„ 

^5.5 3r P£ ^=v„ ,BJS 5.2 , s!j H{KS"£ 

®iS®S9,a Kd-Pk)~'€^=n„ a 

* 5.6 £f P€ «*«*„, #1 xe =f=V„,Mffl 5.2 

W,=3.fl.&3(/- pk) a)t^ffr»,det(9- px)£M* 

*W^M~<eS9'ff S. ,SJJC: 

»*: ■=K(i)ttW*¥ j PBwa.4^it c 
= P(s)l£K*¥ ;s P®69ffi#,-t-iCo 
$*5.7 Sa*«H$69,^fliJlS-B*:a$69a 

(i) PCsiXCsJWSJt^-THa.^^SSr^ «*+«,,; 

(ii) (I-P(s)k(s) r 1 &«£&&«, 

SEW: ©fiE PXfa(I - PX) _1 #T?iJ^a : 





Jitt£7/vib ; hit£duxn/vibb^ 


147 


PK 


A BC \BD 

0 A \ B 


_C DC 


DD_ 


r a b 

a-p K) -‘ = [_-;- B 


Jt* 


A = 


B = 


A BC 

+ 

BD 

,0 A - 


- B - 

“bdI 



U 

- DD) - 

Lb j 




(I - DD )" 1 [C DC] 


C = (/- DZ3) _1 [C DC] 

D =(I - DD) ' 

g,m& A=A,Hit.3fi{sia a ajEBts&jtft&jees,, 

u-pio 'e^,. «mnw* 

(a, 


(5.12) 


[a 

BC] 

bd! 

.Lo 

A-l ’ 

- B J , 


sjsiSo (c,A)»m» t 3.s.fts 


[C DC], 


(5.13) 


BC 

lo A J, 

®:*(5.i2)»S(5.i3)#ffrT3?mi),BU pfc36*ift5£ 

»f,WSMS. 4 Sife»ffic □ 

^®^*Rija,ivnMossE» Nyquist«jgttsa*a^Wo 

gS5.8 (NyquistHSfttigS) 
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Ci) 

(ii) 

Cm) mi *(j) : = det(i - P ( 5 ) K ( s) ) £ f-¥ ® Wtt * 

"t' $E ^ «jt + »*; 

( lv )*t-oo<^c»,*(^)#j Nyquist 

BUCO.O), n k + n p $io 

: bKSlSONyqmm^‘\±^m^,^KiX^ Kjv)M Nyquist 

- oo < w < o°iStffmft®|jfc/&<0,0), n* t n,. tfcut, 

0 C s) o □ 

5.4 ^=# m ±W:£J®##P 

Euclid 65 If-& C a [ Kailat h, 1980 , pp. 140 ~ 141 ]) f§ ft ), pStj -f- g Jijf j; 
m Mn 31® j:(i)fn j;(t)@# 

Bezout fM, w ^ ftjM 'Wtil ^ 

m ( s ) n(s) . &. or , K ,f^ 

.r?« - 3-w = 1 

»*(.0fli n(s)fc Jl x^SC 

m mn £ ^ TO nljjfr , JUfl m ftl * ® , &[I 

h , mh 1 , nh " 1 6 «,=>/! 1 6 „ 

M—Ufcife.^r 

^^5.3 ^ ^dTOftWTOI^ M fllN 

^»rt#*£J®P¥ x r ft Y r M% 

[x, y r ] [] = xm + Y r N = ; 
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M fliiv >to 

x,, y,,## 


r ~ -jX,] ~ 

[M N j - MXi v NYi = l 

- Yi -I 

JRI3£tf M y N s^df. Iz£XJfr 0 

i£.tSK^/g sc#tfr^ lew [^]# -fj/., rt£nTa,-ffift: 


MX, H NY, = i 


;m n:* hism-t^-gii-g-#*? itanM-f 

•» P & j£J0jKP f»--t-;&i^#(rr/}Jtt P = 
■VM I ,t't>NflM4^„htiti s PJ#*, P B-fii 
^ «-*F(P/)flflJBxt P= M ’N,J £+ iV,M ft JMr„ K£ fLffi,, 
SSII^ p<M€fi»(s) P=NM p- 

m 1 ,v, #11 -& x r , y,, x,, y, e 



(5.14) 


W#:P l--*e® S'*»!$-*!£;£ M*M & 

^as .9 sp( s )jSjE«*%ji®R,#ji 



:£—'M‘«JgT<J‘J&«!£a! ( , ^ P flip ffiA + BFtilA ^ LC #!©. 



Oi (5.16) 

/ J 


(5.15) 
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M!) P=NM 1 = M~'N 

B.*ye.s:(5.i4)„ 

iiW: aasfeiiA'SO.w^si.^^atfiiEo 

as. 2 «p ,mbi mm x = x = /, y, = y, = o, n = 

= F,M = M= /o 

as.3 

sp s©, bj a at $ aan ^ ® i ^nfi ^ a 

if, #tsxfSi p Mttssra*’® 

a = Ax + 
jy = Gr 4- Dm 

x ': = u — Fx 

st* FttA + BFiSS, HIJf# 


— {A + BF)jc 4- ifo 

W = Fx + V 

y = (C + DF ) x 4- Dr> 

x,£!U ^f#i££P$A 

r A + BF ■ B 1 


M(,v) 

A u My 


1 


it 


N(j) 


A + BF B 1 
C -f- DF ' D -I 


w = Mv, v — .Vx? 

v = A r M 1 «jpp = nm“ 1 q c; 

® ^ #*m mmnm rtit® . w 

5.2 o i& P#K»ttfSi 

S5-iatiL®diA 

P = jVM -1 = AT’JV 


(5.17) 


^ <3 □ 







Jit^T/vibJiitedu, 


K = UV~ l = V~ l U 

313 5.10 5.2 

(i) 

r m 171 

(ii) l .N V J' 

v - u 
. -iv M 

(iv) 

(v) VM- L7N 


iii) [ 


# ^n.4 1 pTj£; 

PlM; 


: / 

Ir P 


, “■ -L 

- K 


0 v 




I K 
P I. 


0 




tt 


I K 

p Jj 


I 

t/V“ L l 

r 

NM- 

‘ 7 J 

L 

K 

1 r m 

0 ‘ 

/_ 

L a 

V. 


[M 0 1 

\M 


i. o vy 

IN 


rjvr u][M 

L N V 


][' 


0 

V 




r m m 

Ln vJ 


r 


0 
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J5J 

(5.18) 


(5.19) 
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mm, 

ffO): 


r v 

-U 1 

[Af 

LM i VM UN 

0 1 

V- N 

M 1 

L N 

o 

1 

> 

MV - NU J 


Wjlfc&miv)*i&fl=(v)rt!£» HffiSiiE 

r vm Dr 1 

[ N J 


\i kV 

*=[ ' 

V ! U] 

Lp j J 

: -NM 1 

7 J 


r M 

°l 

r vm 

D 1 

■fv 01 

L 0 

/J 

i. N 

7 J 

Lo 7 J 


flisi a 5.10 »ga 5 .9 *££■£!.* ,w mtm = 

m 5.11 i& P J6lHJii!l*#Jl®|^,P= NM~ l = M '.Y £=*=*„ |. 

K 0 = U 0 V„' = Vo'Ut, 

£/g , V^o , t/(> « Vjj 4^2 


r v 0 

- u oj 

rM 

L'o 1 

\I 

°1 

L N 

M J 

Lv 

v.l" 

io 

J 


x£M F^Lf^A-t*BF^flA + LC 

m%m%} 


r M 
IN 



~A + BF ; B 
F 17 
_C + DF ! D 


-si 

0 \ 

i J 


(5.21) 
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F 

I 

0 

(5.22) 

C 

- D 

1 - 



' V 0 - L T 0 1 

- - N M -I 

m #wm mtn f m mm s#w->Mf& 


: A + BF + LC + LDF - L 1 

K o: - i ...-. (5.23) 

L F 0 J 

ihMM p 

K 0 = U a V 6 x « V 0 ! G 0 
JW3US5.10 3ftflc#^(5.20)^jaW#i^P?+ 

^- + <5^ ¥&!., ^^jS( 5.14) tfc©ST(5. 2Q)&iL„ 

u 


5.5 

*f ##«$#;SW BWatrJrSiai+M^—B|l 
trFi*38IK*Mif£to 

5.1)?r;*c«Kffl£a„ *jTir«E ]&,:»£& 
BASPffl 5.3 SS. Affl— 
ff- i,-,*-**®*-#^** L„ 

L, = KP, L c = PK 

Jt 'fL.-ifjfttffcWL&AUmff ISISS#s|,i. 0 (hffiX>f*>lHltta} 



(H5.3 feXt&fitSgl’Siffl 
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(y)mjr-mmmmo d.-m*, 

& 

S, = (/ + L,)" 1 , u„ = S,d, 

m y k ^- sidei ^ 

s„ = a +■ L„) y - S^i 

7-, = / - S, *= C,u + L,-)" 1 
/'.. / -S. « P„(Z + L„) 1 

(tt—ffllffly-sjia ris «#, W t = ; -s),je& /+ u 

y = T„(r - n) + S„Prf, + s.fi (5.24) 

r - y = s„(r - d) 4 T„n - S„Pti f (5.25) 

« =KS„(r - n) - KS„d - T4, (5.26) 

u p = KS, (r - n ) - KS 0 d + S,d, (5.27) 

4n,*-g(5.24)ift«aa!«/iN^ajM»SEi^ s„ ny vxm^ytd *t 

«9| 

Sn.ffi—1'*«±ff(s„) <i,#Sc#:#7tt d 
mRl4®M^S.hH Jffc, S? ffi ft 3tf ft *&(!{#(*) 

5(s„) = »<( i* pk)->) = -(TTpk) </) 

-4((f + pk)-'p) = o(ps,) (xt^a>ijA«T-ttrf.) 

M ® ffi ft M ^ A Sw ( u p ) ft if ftd #[ T- JC 14 IiJ ® lU T W -t- fit 
/J': 

4(s.) =g((f 4 KP)-’) = - ( J l Kp) (mtiASTUtii) 
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d { SjK ) = t?{K(/ + PK) 0 = <KKSj mrt&mft&T-DL d) 
,d md f iI3NN#MW, 

<7 ( PK ) - 1 < <? (J + PK) < <r (PK) + L 
a (KP) - 1< a (J + KP) C g (KP) 4 1 


1 

* (PK) + 1 
1 

g (KP) 4- 1 


^ a ( S 0 ) ^ 

tj ( S, ) 


1 


g(PK) - 1 


: tf (PK) > 1 


g(KP) - 1 


* (KP) > 1 




5(s fJ )«i <=> <? (pk):» i 

&(S r )Cl ^ tf(KP)-»l 


a pwk nr at, j»j 

<? (PK) » 1 ^ (7 (KP) » 1 ^ *(S„P) - 


H (J + PK) 'P)^S(K-') ■-■- ■ }-.-r, 

a \ K ) 

3 (PK) » 1 i£ o (KP) » 1 a(KS„) = 


5 (K ( / + PK )" 1 ) 3 (P ') = 

a (P) 

J was 

*,-«*** d mm&gMffimmmftmft.ws&tgikk, w 
d, WSM.S^ft d. fMf 
toJS^fcfflfc,#J£i**«te(W«Si&ft,W ?(K);>i., mM .£ 

d, Mass,-* 

d, ®"l»l4S : W)g«F , 9^AKi«lA|Blg&iM^,l!|J ff(L ; ) = 
?(J(P)»l,aSS d 

#,w 3(p)»i,iit»®^ d wm«:*o ifffxtSLigiriAtgaae 

fflasatt-*®*. osm*,—nia s^s.-.rsue k fpp gi, ® 

sa, * P H'J Hit,/MB 
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^ A ftp Itl T #cf£ o) 

it,, 

% »x m & a mx tf}$0M^\mi&Mc t: fn '*sm£ - 

^ to ^ mm# mm m an a m tm , - - 1- ± £ to & m m&px^&m 
/ j^i: s - -V- fj^R'fftt#£l£;ijyJFfriff£ J & 
+- a)p,K + A ;£*£££ && 

®, hij a=o # 

det(l 4 ( / ■+ A)PK ) — det( 1 4 PK)der(f -r A 1 ' (> ) 

«nrnfS^WapJS«^J:(jfltMJ6^KffijyE) t ®^ il A7;. li fiM'ifc 
<j(T„MR^ c . <?( l o )^# gr^ tR \%A?< 

4v aws— 

Rfe j*;£fsj ^>f® #-ism (5 .24) *t* &jus ^ a „ <r ( l () (^)) 
J j*±MSl/h 3 

lil « 3tjjifciift^^R-«!J«±jfe'‘^iffi&fi% 

BP 

3' - T„( r - « ) 4 S t) Pd, + S„J ^ (r w ) 

M«fltjji T -ft p tow&vxtmm 

®£6^£t,£P^ a(P( i(u )KT yt,g(L„(^))»l ^ ^(1, f> w ))»l 

"T& : 

u = KS 0 c r - 72 - ii) - T j -J i = SjK (r - n-d) T.d, ^ 

P '(r - n - d) - d, 

p u i* 

^ ^^(p(jcu))-=$;i T ^ 
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a [F '(-'") ] =" JTrljv)] ^ 1 

s*® », ea ss* s 5 (jo ui.^a 4 iei fiMSiS 

R/J'iWmi^K^^Xa H*3trft/hWLBl»JS^ *(l,(i»)Ki 
^E <S ( Ljijai) )«K 1 

« = KS„(r - n - d) T,d, «= K(r - n - d) 

m ± w &, a *f m tt t6 ® 5j? -ft # ® «, *¥ »j * x- fa m ® 

( 0 , 

? (PK)'»1, ff(KP)»l, a(K)>l 
W if M * «t f£«3fi to ift ft MU as I* j* M » * & # ft K «. Jt K £ * 
liSKSsSUw,,, ”)1E 

S(PK}<^1. d ( KP } <?C I, ff(K)-? a M 

S^to m***, ^Wto®^#^ 

S! * ftE^i# to T « * 

5.6 mtkflmw «& 

ffiftlS K ,ffilHlfiri#iS j(L)W <j(L)ft{£$i5fi4ti^fFftSg3?:>}cto 
^sisoita,iiie&)5g*fe7R»f®iW#w»,H* &( l )~ 

a(L) ~ I l 1 0 

1.SISO me##® 

(i) ^tt-^Sgto^f&IEMftiiWic L,^&^P WJlff 

a# l t n^§m j + l w±um& 23 &?f £a 




#- if] -ib ii 

1SS 
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-&»%*«> L SPftl L(j «j) I 

*=l A9 L ^JTFBMS*#!,, 

Gi)S K = LIP 

k]®f j# **, jqu mimo &mm 

2. MIMO IBlKfig® 

a) #®“-t'^raWi" i »iEpj#jag5#c L.tis- p 

^WWffi/Sffl^n.ffilfP «P _1 L(j£ LP ’ 
$£W«£fn/3e*j§;*fi8„ JiftCKSm.sCLJfisft ttffiSoRtfj 
a#,ftiftS5is,s(L)Sft#»5JK:wa#(iaffl 5 . 4 ) „ 

ot mimo )„ 

(iD s#ifiiuKw#aBi»js l,H!Hs«s#a k = p~'l (^ 

£ttAH*&to'f#&a#C* K = LP ')- 

0SSfiK®«tf-&^;'ftSI*3ftffl,WSiJS;W siso #.Sei9:Tf\, 
*sw M'EmT mimo %, 

3. mimo 

fi£S±£Bfi<) 0JJ&-J®® i8i+ft—►J’ftSfc ,ffi*#ftJl£ 

SIKiR*), Jt>£-SI®ffi!l$nT : 
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*i*ajj* —H*,#®—^ 

P A = (I + A)P 

x* e A-Bmaf)£Tffiii9JU 

A: 

A = AW„a!A) < 1 

2&St/E.*-#&j£te,4fF®j£ a(ATJ = d(AW t T c )< 1 sJt <j( W,T„X 
ff(W,TJWJi# 

j(» r ,T,)<i(ff,)a(T,Kj(Hr,) - g(L ° ) ,£ <r(L rJ ) < 1 

1 - 0A jL u ) 

<r(LJ<-^-y + - % ji wj’%' aiL »'> < 1 

2§fcutfe, #, ft in n aj tit Tift +4, •£ s- -f-a it a ^—a « 

ff(w,s 0 ) (ft h# 

^(tr.sj < j( w-,) g (s„) < g T ,g g (L„) > 1 
Q C i* 0 ) :^'' : ^ ( W\ ) + 1 *S tf( W s ) * ^ tJ ( / J() } > 1 

W®Sffi£5£tt5-5&£ft££f6 , J5#7 : # : fi:, jfcjjQrfl' 

w, »w t 

THWM^nJa — nr^-ft : 
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P( " ) = 7Tl[i 


1 

a 


.* + 2 

a(s + 1)1 

.V + 1 

(* + i) (.v + 2) 

,w { = 

V + 10 

5 +■ LO 

0 

.i + i 


o 

j + 2 




s + 10 J 


a,tKEisafcaif*i 5.5 



ffl5.5 


SSj£®S ?ft = ^Sn,&aiE,«*§E-#5nTe*iJtS 

K = /, 


mw 


r^_ o ” 


1 1 ft 1 

A- +2 0 


! .i- + io 0 


, W t T = 


o _ l _ 


n 1 

- s + 2_ 


L s + I0j 




• W'ffiteB&±&Jffi#|B)E!,®#5!—'MgffeSffc j_ ti ffiK = 

p ‘a, sdm p 

5t 4 Doyle ft) Stein [1981]®4W®fiBW LQG/LTR ( Linear 






















Quadratic Gaussian/Loop Transfer Recovery) , R K fcU 'f' R f(= -§‘ 

r-jjas. 

5.7 Jrafete ^ 2 fn =v.t!kg6 

«- m it m a is a * »■ -7-1. a -r- a a w h 

bs »it/w* s ## m pf -/$ $ m ®cx®*£ c m ah , w * * 
® am seise »r w «se *b ^ 


I J (JCU ) I 5^ a < 1 V CtJ ^ <W() 

I s(jcu) I /) > 1 V a» > cu<j 


ffiW S .SIf WttSI 0#„ Win, _f: Bf Mtt 813 S BJ'iJ fj 


I TO, (jw ) i (jai ) I Sj 1 , V at 



Si £ $ SS @tS tf- 4 1 , $ Jit&; tl JSif 05 {ft & £ fi ^ ftj „ 

ft ^ ^ M #'Mj-Jt sjf y Ti4<[S]MM'l*#.{*„ 0J4n,$6ffi@g<t# 
't 3 , ifff nT t& JSSliW, 

a jtt. fea a fc*^6j ^aa; * bt tt w ; if ax 

®=f* «(inxss a > » a*# a. a *, m 
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—5.3 ‘tWWit.S.St^ftfflSStit*® 5.6 M 

WSB.nTa# ffjlff, 

*tu, 

JiRt5t3g|$ W„ ffiTJSSff^i&iSj*!®! 

«iu,®as^tt*aisw®tt 0 ra#, w„ 

n%m*jmm.%\,wimMm#)Mtt'mM w, 



ffl5.6 W fStSStWJt&ftffl 

**±,»TJ!affl3f:-Bj!ffififeWaffl;e®jai'fe,HP fp <*_ 

ttlSW-iPItfiiSSa 3 , BP W.^W 4 ,W^, SJtla w 

w n ,w,3.w rQ xt*#W3EKpf5ia,a^ft<,a^^s:^^)gjifi 0 

® W ^ W !ET, SB S # 1: If iff, fl'f, a W iS # ip ^ ^# ® it 
#*t, a^r-ft si t»a# j:, j9t iy a®teM bju ft >j 6j m#is;j|5 
&h„ 

5y^c$fiHj4/f^L o $§KtB5P^a 
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K.mrM&mmn 

fit d l ~O^Mn=Ov 

^ 2 &m 

d{t ) ~ 7jd( t) 

a 

E{ 7}T}* ) = i 

sS'f’.e *;Sjk»,, d Mfflwmagt 

'b 

E\ || e | II = £ |J o II f J *dt j = l| W t S 0 Wj || ? 

d BriStoiSs* ; R.^rSjj= i sfje«*^,ji!i| 

S« = ( W c S a W d ) S; u ( W,S„Wj ) ♦ 

^■jSSffiWT * 

11 * (1 2p " ^J ^TraceS.OaOda = '| W,S r ,W d I 1 

—JKtt, —t- tea Mk/Mk , £^3r# 1fr±m KfU ft 


w, ftp #& p wmmiZE 
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(iH t> ft ttfr T'ttJfSS# fi ffli MZM Mit.iff) r. JIM jfi 

w u ,nJSp= ic 

m d 

4*#f5]SSft 20 1Utd 60 70 ¥-f'c^ t'^tVo Jfeffc 

LQG(#^/5Him« JG.NSS 

r r s w «S£, # # srr a ^ w a * €'j*f,«- S'i ^ ft fc it 4 js« , - b- 
n;a £_t m s it. ^ a- ne?s a r M^-it m m, Ma#M m s 

a»m4:#^<a3ettMai£t/a;o ttnei.ai&f 
KAitiJuftw*.asierii^ssftj^ii-src]®'.:. ft^is^a-t 1 , 
*m $ ^ ® tt Jt Jt a 

ass ffifcCei c 2 m#o«mj5—twtr.m^ftittfiga*:, 
lqg aifeteft^^-FttWxit^ftjjR® aw^r^ 
iSifrr«,® =m 2 ffittffft— 

# w a /h # js is m p ® m z raj & w m s & a es ® it t w « - «j 
3 g ia®Aii*e»gw±Fi.*#jf-®# l Rtsifi&ieisffifj—w»t 
sssttfflawtJffl fdlti mauatK 
{Bmfig&i&mftmxwymsm t£m%ud m„ a** 

w-tt ffi, aks® pr sfi w # jt, « ate ±w 

JR» M4n,— F: 

sup II u II , = II W'.KSvWj II „ 

<i !l j'-Vl 

.. jfup^ II e II 2 = II W,s„ Wj II „ 

—ia*8S[ P mm-siiifc 
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sup t If e I! 2 + P 2 & 'I If - 


W'S n W d 


^pW^KSrW^ " “ 

it isj ® •&■ BJ vj, J0fr §!j« 'J'+fc & 21 H9 a ^ ■.it 

r« ] 

‘ ! = uJ 

M 






L W«KS 0 W< 


1 [ w e s. 


W e S ( ,W d 1* 
KS,W fi . 


■ftl 


sup I) e |) p - sup 
ii j' p--i i ii d - 


i, i£L 


Trace S& (jai ) dci> - 


H w ^u* 

11 L W U KS„W . J 11 * 


I, r TO 1 ii 


pWt r o W 2 


it* Wj m 


5.8 

*t£fftTfcj&m*±.M°F Doyi e [J9S4]#J Xft*. j£ ft? ^ 

Francis [ 1987 ]ftl VidysagarL 1985 J (ft ft ^^ 

M« SISO 

Doyle ft? Stein [l 987 LQG &i+&7£ l [\& M Jf M M 
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MIMOia, Plttffi Stein Doyle[1991 j 

LQG/LTR = 
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mfsm it m & pe 


*¥Bode atSSMSW Poisson 

, W Poisson 

m, ^$*«^att^»«IS,ltTAn^A#«iEiifs0E+3|5# 

flE«T^ms»jTO.'Siwiv-a?i', j£fiK»T ^«ac i^sc ib -)j\°m 

W r *, m&& T# »TS gfcffi it I^ f» Sr 3S= 

6.1 31 W 

S^iSHt >£—'f' Ifrii SJ ttfi® Wig AS 8c. ft: fle gff ft&fe 9tl f? 

*o Iff—W, Bito# 

it± patt®s^*»s*j“a <J 

Rode fifrffitfi ft«r 

M.«t«Rfr3£jgfn Poisson fR^&So 

aEW#M«tflf@ai[ffi*iS[JiT«tf-esiM(stt c * Bodeie^i# 

jpJFmssa, 
aw, a— 
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M3lUff*. i Freudenbcrg ffl Loose[ 1985 ] & S'J 0<J 

—r^saa-a^ BodeMsafsr fj -£ 

sij, 

■mftimm&rn.\$i»m foa*™ Traim5?*frdj 

WS*S±aiH^SW*S^tt*MWrM« 

4"G(s) 

(A, B, C, D) „ fWv fi£»«T:£;Ri£ V.: 



fl'J£ zee* G(s> «-''N#*fe?£o Kf,v' 7j= l, V fo$J-5z 

*g^W«->v#:,#, 4 -i ^ 0 rub, g(j) z *£iy>' 



a.M , J fn] 4 , £L lu ^ /£. u> fc 1L- — ] 0 u] 'R ti.’ B!j 

#T®wmt+, mm z pm* 

G(!)TO#SfiBWift„ -TJi, z&G( s ) a 

G (2)7 = 0 y, i)‘ i)- 1 ffti,j$#, #-4 l"J 

®w, «;*iu = 1,uj"G(z)-0o , ;> € C JB: G(s) 

c-’o) «-¥.£<, m— 

W^i&, G-'(.OiW!SrAfPiitH^.tS*-[S]* G(.OlBMs 

A*«idj«^.*-iiij 0 ifc p &g( 5 ) 

ft® ’?■’?' 7 =1 > # G '(p)tj= 0 U',«J* TO = 

i,=fr w 'g 1 (p)= 0 )Htp 0 

-^raia^o ^z ( er„,; = i,- a *G(.oM#*M'ffl'&5FA, 

7 ,.= 1 ^ffjinTaftae^^WifsiA*-^ : 

• 4-(A, S, c, D) * G(s) = 
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- 769— 


B ; 

• M i ■= 1 f U k , # 


TA - zj B {i n “ 

\K.~ 

L C D - 

u 


B w s = B° ° - URezJZ.V,' 

G(s) -= 

3t«t>,G«(s) I®*? B,(j> Xrrt£T-*3 *, ffi 

MM4IBT 

n,(s) = i-f^jry,y! (6.D 

*'J5±.G„,(j)nT23flS; 


Min, «a* 60 ic(.) J*l 

g(j) 

" ( -° " Lc’T.D . Iv .<• ) 

6.2 ${#*)£ 

Bode Poisson » r flj £ 

L M £ ft R •»*:&„ ^ 

su) *s®ass» 

S(s) =■ (/ t- L(s)) 1 (6.2) 

Si s(.o €**=«„,„ Jtt^, ft=inTfly& 
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fiSi& 6.1 

lim sup Rd( L( s)) ~ 0 

>ec, 

. I ::?E 

1 M&6.1 ttSfl 

(KJ*!S4A 

■J/i SKi) KltR/S. , jS*|6j 7, SP J. 1 ( /» ) 1J _ 0 , 

v* J = l. W*S(i)=(i + L(i))- ) ={i + L-'(i))'*L -(*>. 
Sc ffiS(s) 7*SOW---'N?jfi*|6l, W sCp), 

= o = asiiJKS-, si)/. ^Lfow-mi 

* 161 , 

®a*JF#iipSEL{.0 ®?F=&¥¥ifil*®.4 P,, RHA« 
A*f6i*7,, c-1,-,*„ wnttdirifift s( s ) 

S(s) = ,S m ( s )B t (i)—a 2 Cs)Bi (.0 ( 6 . 3 ) 


ft*L(i)eo«j& ar«.L*—#, jaaffl[H]eiijs 

fliagft* s(J) AA A ft rfn WSJ c 

s*6.i 4- s(f) »s?;(6.3)^Mafia6.idc3: 0 jay 

J ti lnd( S(j<a))dai ^t^max ( 2 (R c / 6 ') ) ( 6 - 4 ) 

SU) Jfe-'MSiiSft, wyjqT#^«* : 

J In I S(j<o) I dtu = 7T A~1 Rcl>. 

-esw, 

£ 1 1 a# 

W, &-*§**!*«, J,|M&AIMftflJ*|ige{jJ6, 
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4>, 

* h ft men w s.ftmM2i a 

i,j = i,-,k,;^j,m ^=o, jhij 

lnd( S( j'cli)) dw ^ ?t max Rea. (6.S) 

Jo I £_ I k 

axf/v£T«.4*[Ri^siE3cwifig„ 

.v, raa®ffi5««w a 

i — 1, *“ , k fji = r ], PJ 

[ lnff( S(jw) )dw *2 ^ e Pi (6-6) 

J ° ,.i 

K6.2 i>*=2, ItfiS6.i|i, flil 

I W(S(j<n))d<« > -?-(Re{/' 1 + ill) + 

J 0 Z ' ' " 


\/ (Re(/Ji ~ /> 2)) 2 + 4Re/) 1 Re/) 2 cos i J /C i^i , j ? 2 ) ) 

SEW: &MM 


^max( (Re/J ) 7}i 7}* + ( Re^J 2 ) ^2 ^2 # ) 

/ r Re /i 

L 7l 1?2 ] ^ ^ 

t 0 ] 

Rep, j 

7 * 

-72 - 

'-([ 7 1 .’ 1 

' L 0 Re p 2 -1 

LV2 J 

72 ■ 

A. f[ Repl 0 1 

1 7i* 72 1 

^ 0 Re^^ J 

-72* 7i 

. J 


(6.7) 
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(I 

i 




(Kepj) 7l * j/2 1 \ 


!_(Re/? 2 ) n i 


Re/j 2 


I f 
J ' 




A niax ( (Re/), ) 7 i 7( * + (Rep 2 ) ?: 7 2 * ) ' y Ke ( P\ ^ ^ 2 ) + 


y v (Re ( />i -- £ 2 ) ) 2 + 4Re/J t Re/J Z cos 2 ^ ( 7 i , 72 ) 

□ 

ffitfto Poisson 

[ 6.3 <> s(5)e^/»*sus:(6.3)«^-0.«ia 

r _. I in d(S(R*/+)) 1 n {f ,, 

iim max-—-— = 0 (6, S) 

* ^e[-^,m<2j R 


jaw », »■ 

^ * = X 0 + 73/ 0 0 w + , 


- = 1 


| hw (£(>&>))-„--—^--?dft 

J Jo + (<w - 

^Irnj ( S m (3 )) ^ irlncr ( 5 ( s )) 

| In s(S(jttj)) —-r^ 1 --^da 

J ™ J' n + ( w - Vr,) 


(6.9) 


jr<[ + (« - y f j) 2 
Trln || zv* 1 (6.10) 

L(.v)^ -OdWS#jife&l^,jay&#(6.8)J$ v.„ 


^ || - J\ 


£± A 1 
* - A 


& 


£ 


In I S(j'ca) I 


-J~0 


0*5 + (u> - V 0 ) 


.du = *Infj |-*- + *,' 
!- 1 1 * />, I 
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6.3 m-fm.mmmmm^ 


»«®„ a*Sfl7 3tftffi PR®li) a* f¥Bffi,&fn«.ft 

rxMM&ajRgt 

«.®«#£Jt't;**ifc/h=F- l.lij 

Iffl/-tt—•t@i*ffi,ffl±M&*M#«.& ttVs -1'«t 

m. met w ^.(bj au#f j£ =, 

®ss»* a®i+ 65 0 &U JBffi 7# «S AU /fcT tk TS: % 

lb: 

a(S(jio )) ^ M l < 1, V(« G l - «>/_»J (6-11) 

4- s = a , ( + j/y „e ., & l(,)«-- 
4-Alfr (fc.fr 1*1 w ]njut,$x 


W'T * * si ttJt«T5f-«/js T H JF W V * (fij*4 

R«.4 4-163 6.3 + flu ©&$:£„ itt£M2&(4(6.n) $tj£. c M 

KfL(s) flUfit-t-^rttffi^.^tr® w flUJf r € 

c ^ ,-s 
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Jk 

B_U) 

II Sis) II „ > (^)'' 9< ' ) (5(S( z )))^ (6.13) 

iiEffl : f+*f!J 

f lnff(S(ici')) —j — -rjdtu ^ 

J od xq + \tu - yo) 

(n - 0(z))ln || Sijai) || „ + 0(z)ln( M L ) 

% 6.4 mm,®- 

i„ aM,#sia#«-if js, 

s(s(z)» i 

&m * # ta a—te a =, 

®#3ts®s tt-Mfs«ft®£ ««^pgtto SKn'.asKii' 

ly ft w a # )S a a s—E- * * w « ® ta ft w ft,® /hw * a ii i 
i^iTWBodefift^^. t&m ,&&wtm+‘¥ 

K&gJiWfFf 

§fr W a * S»£ o a SII ifel >i «irE 8. 5£ W # # 14; a ■»• J& -es * M, W 
a# w 3m m Kite £-si? jr ft jff$is st m je. 

ff(L(jo/)) < ^ e < 1, V» 6 [mjj,”) (6.14) 

(V 

W>t>,«„>«!. &M h >o, 

Mir&i&iiiftmiim ,mT?mw:W-iAmwfii &&(<>. n)m® 
i£ (KiMiScj* m Mmmmat m tsae* n * ftvt A-$mm „ 

S6.5 ®*#(6.U)W*#(6.14)Xd-#*a¥ a,„ * ca L jUt* , #S 
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f (t *i. ° 


max ?{S(») )""’"'(1 - *)*=?=? (6-15) 




7f A n 


.( S* I < Re A )?,?■* 


w,/ - ai L 

SERB: tfjfe.«S&fl=(6.14),*S 6.1 g4(jfi®,teaIfJM«a 

6.1o ^*fc 

crfSOcu)) = - (; + 1 L(ja , )) < ! -ff(L(>«)) ^ 


1 - 




& 


V 1 1 _ OJ H [ Mn V 

~i i i( 1 + k) - 1 ' 

“Ff Y 1 1 / M h V a> H I M h \ 

* < Uh*‘ ) ~ * n ( «,V* / 


find - e) 


M 


lnd ( S ( Jew ) )dw = J lnff(S(/cij))du 
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(ciin - oj L ) max Ina ( S (jto ) ) - ~~P ln( 1 — e) bd 

“'* r ' " 

6.4 Bode i^jaE 

Bode 

[l945])^fE* 

t± c &m 

&*f Bode M ^ ^ K) $"M , 0 JtL Freudenberg Looze 

[1988] UR Doyle. Francis flJ TanncnbaumL ) 992 J : 

ZL(„) = - 1 f dLn ! L ' in coth-fX + Z |‘| 

TW-c-j L t ! JOJy ' z s 

$%'&%} L(s) ffi Y- fSl v: ^ In ( ati cu () ) : iStfc 

lncoth 6,1 0 
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jjs l LLkdL fe^ ®i£MSSE„ S*a—i* Bode 
ay fly 

mn e^o 

ZLo^^^iUig l Wffimsaa.jit'JZLOwo)-^^^ 

ZL(je.) &%MMm ^ ®3£ W, H* 7T + Z L O c )* 
S®«StW*ft^*,a i S|L(ia lr )| = i ; airn‘,iS[El#Eti 

I 1 * /. ( A, ) I = I 1 4- L 1 (joi c ) I = 2 | sin- — — | 

^ aj, >j t #m as e, */j^ „ ^ fd ffl m 

M it ii *« M W * + Z L (,w c ) $ % -IN # 7, Rf S ® $ gE sfc ffi ft 3*! 

tScA.iSjft^gE*^ AWH-mStSWl^^SttMtgAo *T*H* 

JiL>0 “ Z l 

ill I^J B|“l iHj ^ A ii|*i& it Bode [ 1945 ], Horowitz [ 1963 ], Freuden- 
bergfl) Looze[l988]^A«£S^iij. #f .I;.4<J*£ 

iftJWJ B I #i*L Freudenberg fll Looze[ 1988] (f-l Jt7 

7 ,4*f Sit M fei TT-fF Ini j® f^ii ^ » |H 

-7*s?!W-ai+#A77^ji@!S-fe 

ffc® s ,& h * at ffi & # a. * a* w r n w a * 

as. ffiffii^M£i£ffl7^$*stiE,a5z,jtffi^f^{isttKa 
w/am*®,*, as? 

6.5 

Chen[ 1992a, 1992b, 1995]WA^ 0 
=R = 36 W £n ift “T It Boyd fU Desoer[ 1985] & Freudenberg fU 

LoozeCisss^AWA^ifegiJc ^7Wi*^ae<)tt^^*M']nT 
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^ Bode[ 1945], Horowitz [ 1963 ], Doyle, Francis ftl Tannenbaum 
[1992], Freudenberg fD Looze[ 1988]3£ 0 

oT#iSL Garnett[ 1981 ] ffl Hoffman [ 1962] &<J 
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£-fc* M!ttlfttt?ttre«r& 


m Hankei , ffiT-^w 

«F5EHankelffi»jajfi*a= gl^lWfBj®^"—«»*5£*lT : g* 

g(*>, r-Efr«$ai 

G r M'i # G %UG r 

Jt—t-aitt wawsfitt ,«n, 

G = G, + A„ 

a. a„ a#w«ap%Erraf »**>-(±«a 

*Bi-ra«o s-ffl,-tfenr5f*ai£A^rrt^®sc 

G r = G(7 + A „,) 

tt#A„,ffi*#ESS:Tfi/J'W,a^**^-*S»«H=l«.„ #-(5 

inf |] G — G r || m 

deg(G r )<r 

g wa!0if 

inf II G 1 (G — G r ) || „ 

djsg(G r )?;> 

m*$j 0 a#69fga-)ttnrts^*»fji^a$#M w.nw.wsf 

ittmaspWfBig: 

inf || W„(G- GJW, II to 

<*eg{ G )t£r 
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7.1 f 


-.$-jS- > N&5£i£gl' Gt 


G — \ 


rA 


u: 


]* 




^«,BP'eW5ri6tfeffiPr«M^ Gramian&ftffi^£^*t£|^ 0 

G rami an S , JS?j 

AS + SA* + BIT =0 (7.1) 

A*2 + 2A + C* C = 0 (7.2) 

r2i 0 


^lfc¥#Gramian^|^** 2 = [ 

*Hfe# 


G = 


An 

Aji 

C, 


A 1 2 

a 23 

C 2 


.]■ 


fflJStlte, #;S*fc 


m a: (7. i) m sc (7.2) bt & 'tMn a- e w *§ w i j® 


A n2i 

+ 

SiAn 

+ 

B 1 

B{ 1 

- 0 

(7.3) 

2i A n 

h 

An 2, 

+ 

G| 

h c t 

= 0 

(7.4) 

a 21 s. 

+ 

S 2 A " 2 

+ 

i* 2 

B{ : 

= 0 

(7.5) 

S 2 A 2 i 

+ 

A 12 Z 1 

+ 

Cj 

l c L = 

= (} 

(7.6) 

A 22 X 2 

+ 

2(2 A 22 

+ 

B t 

*2 ^ 

= 0 

(7.7) 

^2 A 2 2 

+ 

A 22^2 

+ 

cl 

c 2 = 

= 0 

(7.8) 


sbts as u r a #t „ 

S3S7.1 as, ws,56*H«>i=fft7u*, mm't' = Fmm(A il , b ,, 

c,),i = i, 2 isjasra«^w c 

M: A*s.awffi« A n *»raiaie»icnrmT, a ; ,*& 
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*#551333-20 SR^[* 3.21 , *£-**1-:, 

Wffil&s, J&iESM, iMS.iU.lAnKo^ai. B 

S Au^SSfffiS-^W, jaxtSE-t-<*, £>«, 

4- v *Kcr(A n -jtoDffy— 'MS0rfflj£»S£|Sf, PW 

(A„ - jwl) V = 0 (7.9) 


V” (A, 1 , + jW) = 0 


(Ait ->a.i)S, + S^A,*! + ja>l) + BiBi - 0 (7.10) 
2i(A,! - ja,I) t- (A,*, + >1)2, + C* C t = 0 (7.11) 

va®>r£#S;(7.ii)SiH v* c:," c,v = o, 

Cl V = 0 

ffl v®*^(7.11) nrw#uj 

(a;, + jwi)i,v = o 

ffiftns, fi'itws,v ms (7.io) v• s, rnxsffl. 

#sij 

= 0 

£$Jt,.8l 2, V *S(7.10) W*j*Jg^5IJ 

(A„ -jcl )SfV = 0 

i& 2;V W?!l£Kcr (A ir >/) + , Hlit#m- 
2fV = VS, 

*f V @r*j£«i£|6J, if 2? FRHT 2f, HAft# V ffi 2? Srtf 

jam,®# 2, m x, 2, 

wwfi K,m w 0 

M2,V *S(7.5) »®3a, vms(7.6) W-£i£, 

A 21 2, Z V + 2 2 A 1 , j 2 1 V - 0 
^A,, V+ A/jS, V = 0 
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(A 21 y)2J = 2 |(a 2I v) 

j&;ft—A 2) V) M Sylvester 8 o & ^ 2? ffl S 2 iK+ilHKKj 

xtftx*, &&5IS2.7 

A 21 V = 0 (7. 12) 

*3»— M„ ^(7.9),S(7.12)a# 

' V' 


rA u 

a 12 i 

H 

G 21 

a 22 -I 

Lo J 


= jai 


. 0 - 


3S7.2 wj«— I'TmmuiJkmiZrmm 

Mo 

Si7.i ma 


[s - 1)(a - 2) 

(s + l)(r + 2) 




- s + 2 

+ s + 2 


"- 2 - 

0 

- 2.8284 ; 
- 1 

- 2 " 

- 1.4142 


L 2 

1.4142 i 

1 

j 


, mitmn&rn- 


- 1 

1.4142 

1.4142“ 


1.4142 

0 

0 


1.4142 

0 

1 - 



l^o 

7,3 


■)e^„ 

,R 




'A n 

A 12 

: By~ 

G(s) = 

A 21 

A 22 

b 2 


- Gi 

C 2 

D _ 


t ^ Gramian 2= diag^ , 2 2 ),K4 I 
2i = diagCcn/^ ,a 2 l, ) 
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I 2 = diag( J r+ t I. +i , & r + 2 h +2 * “*>*n7j v ) 

A 

(T! > ^2 > ■” > <T r > OV+i > Gy + 2 > 

&M,<j,-teaft*s,,i = i, 2 , ■■■. jv, j>, + j 2 + - +5 N = « 0 ji! | j 


j6¥#Wfpira«;^@)o jam 

II G(s) - G r ( s) II <» < 2(ff r+ i + a r+ 2 + ■■■ + ffv) 

* r = N-i, wa-i'jf*BT»aiw > m 

II G(i) - G- s v_i(s) II » = 2<7 .v 
ffiWh G,Mgttl217.i BIWo 
i, Hit, fi *,= 1 , N= n„ 3 

e i s.&mmg4MvEW$m&-!sm%;ih. 

#(s): = (si - An)- 1 
^(s): — si — A 22 — A 21 ^ ( 5 ) A (2 
Bts); = A 2 i Hs)B l + B 2 
C( 5 ) : = C^tijAu + C 2 

G(s) - G,( 1 ) = C(j/ - A) _1 B - C,£(s)B, 


= [C, C 2 ][ 

- C,*(s)B 


si ~ - ^12 1 1 

^ A 2 i si — A22 ^ 

1 = 



(j[GCjcLl) - G r {jftl)] — 

A-JnajJ ^ 1 0*0 B (jtw )£ * c jco ) ^ * (><i> ) C * ( joy ) C(jai ) ] 


(7.13) 
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^Gramian^ (7.3) -^ (7. 8)^0 c 

Gramian^( 7 . 3 ) - ^ ( 7 . 5 ) ft ^ft# BB * ^ * ftt 
B,B{ , B L B 2 * *U B 2 B 2 M^\ 

B(jw)B*(jw) = ) 1>2 + ^2<i> * ( jaO 

C (jUj)C(jcw) = X2^(jcu) + 

ft 5{>)B*(> (W )x*(>w)cc^)W^i#i^:ftA ^(7.13), 
<t[G(>c* 0 - G r (>ct»)] = 

A max J [ S 2 + ip 1 (j W )^2 ^ * ( j(0 ) _, [ 2 2 + ^ ( JftJ ) 2^ ^ ( J<H ) ] I 

mtE. 0P r = „ -1, = 

a[G(j&) - G r (j&)] = ^A^ltl + 0 1 (>aj)][ 1 + @(;<w)]i 


(7.14) 

* (jcn)<J)(j<o) —0 * 

s, = 1 S — f!5titfe), #£ 1 @0V)| - 1 8 
^sij 

e[G(j<o) - G r (jti>) ] < *Jl +J ©(>) i ; - 2cr n (7.15) 


i£s£;ll r = ?i -1 

—ft! * ©I t±J 


“# A G*U) = 


An 

*G 

Ci 

D 




Gramian ^ ^ 


2 l = diag( a, I, , cr 2 / v ^) 

initio "? £ t (s) = G*.! (s) - G* (j) , £ = 1, 2, •■■, AT - 1 
G N (s)mG(s), Hi! 


® [ E t (ja ) ] < 2<r* + 1 

fef 1 G t (s)^A G* + 1 (s)Wp<j¥«3E«f#mto —'MSfltilS!, -• 
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M L 

G(s> - G,(i) = ^> t (s) 

#Ug£ 4 (*)&£.£, # 

> F /v - 1 

a \ G( jto ) - G,Xjux ) ] ^ [ E t ( JOJ ) ] ^ 2 ^ t iJi +1 

i r t = r 

©(0)- <u = 0 ^,^(7.14)^^ 

2<t no 

iEBtt&T-tSJflAfftHankel 
fri3EHJ3SfcTm7a ® rfrfM^ 



A, 2 ' 

B,' 




i^u 




TAn : BA 

A 21 

A 22 : 


- 


--: . 

i --- 




LC, 

: Dj 

lc x 

C 2 

D 




\ A u 

0 

0 

; Br 


0 

A, t 

A 

12 

1 B , 


0 

A 21 

A 

22 

b 2 


_- C, 

C a 

C 

2 

0_ 






~m 

m 

CT 

ri i o - 

T = 

m 

- 1/2 

0 

J' 1 - I - 1 0 


- 0 

0 

1 - 

Lo o /_ 


7 £#£ij 














ISo 
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All 

0 

A J2 /2 

Bi~ 

0 

All 

~ A, 2 /2 

0 

^21 

” A 2 1 

A 2 2 

b 2 

_ 0 

- 2Ci 

C 3 

0 _ 


%&£„ (*)»-'Mr* 

£(,)=f £,,{i) E - 2( - 5) l 

L£2i(^) e 12 (s)\ 


A u 

0 

A12/2 

B, 

0 

0 

An 

- A n /2 

0 

^sr'cr 

A21 

~ A 2 i 

A 22 

b 2 

- C 2 - 

0 

- 2 C, 

C2 

0 

2 a/ 

- 2 aB r Si 1 

0 

~ 

2a/ 

0 


WBvE 




0 

P = 

0 

0 


_0 

0 2d /_ 




AP + PA 

' +BB’ =0 


PC' + BD' = 0 




A 

- BB * \ BD*~ 



0 

-A* j C* 

= 


Lc 

- DB* '• DD* _ 



“A 

- AP - PA* - 

BB* 

Pc* + Sd*" 

0 

- A " 


c* 

Lc 

-CP - DB 

* 

DD' 


E(s)E~ (s) = 
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| A 

0 

0 

0 

- A * 

: C* 

_C 

0 

: DD\ 


DD * - 4a 2 1 

±^4 



n ii e u ii i, e ii » = 2^ fl 

r? 


JSiHT£ 7.4 D 

& 7,4 ^ fff , i = 1,— ,N £G(j)€<*=*„ft Hankel^#'®, jfllj 
II G(i) - GO) |[ M ^20 t- '■* # O 

Min, ^ife—t- n 0H£&a*fc 


G ( s ) — 7 


b t 


K4 1 ^->0,6 f ->0o JM || Gis) il „ - G{ 0) = 2,*-A ja t AG{s) 

<*i . vV 

- ai % r? 2 


G = 


■V 

0 j 


-/A VV '" "/V 

Gramian £8^ : 

Vo 


P = Q 

aa ^ = Ai(p)-Ai(Q),fi. 
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J]a, = 1>(P) = Ttace(P) = 

J l ! - l 

v ^ = “P,(0) = 4" ll ^ ’I » 

frf 2a >- 2 1 

mm,* a; = 6, = a 2 ', I'J P= a-o, —^ * 

flfc'B&Bi’fft S-MSpifeB.'fTffiffi HankeL til "TUA 

G(s) = 


r- 19.9579 

- 5.4682 

9.6954 

0.9160 . 

- 6.3180 ] 

5.4682 

0 

0 

0.2378 : 

0.0020 j 

- 9.6954 

0 

0 

- 4.0051 

- 0.00671 

0.9160 

- 0.2378 

4.0051 

- 0.0420 

0.2893 

_- 6.3180 

- 0.0020 

0.0067 

0.2893 1 

0 


M Hankel ■Sfff'ffijty 

,?! = t, ct 2 = 0.9977, ® 3 =-- 0.9957, cj, ** 0.9952 


r 

0 

1 1 

! 2 

3 

■-! 

O 

p 

e 

2 ! 

J 1.996 

1.991 

1.9904 


7.9772 

I 

5.9772 

i 

I 

3.9818 

1 

1.9904 

, i 

‘ 1 

2 | 

f 

1.9954 

1 1.9914 
!_ 

1.9904 


a**9S, jpf—-r- r^aiffis 
fl\ 2 cj, t1 ^0Hc Sn-^fUnik^ ff,*j = o r * 2 = 

- =*4. Mreatsfeitw^o -«»,*, i' n vti-m 

m., mm mssyfipor 

2( n - r)ff rM o &T: 

^g( 3 > ^-^K^aaisc.Bp g ~( i ) c(i)=/„ astfG, # 
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IS 9 

#—^¥*£31, Gramianfcl ^ P = Q - 

i o mn, m 

'£^^#RfL^-ap = Q ^ io 


7.2 mmnu^mmmmm 


±%mm gg^,, ffiAhnU'fem 

II WJG - G r ) W t !| ™ 
^rTIM'o l§i£ G.ff.ffi 


G = 




r A, : A, I 

-c, !dJ 


R A€S "*" 0 &fc£l]ffi&D = G(“) = o:^£fc*—®#, E£j >j 




r a o bc, pDr 

Lb s C A fJ 0:0 
W 0 GW Z = 1 

' 0 0 A, i B, 

LD 0 C C q 0 i 0 i 

^ P ffl Q ^fl^T Lyapunov AIehE ^M : 


r-A ; bi 

L C ; 0 J 


A P + PA* + B B* = 0 (7.16) 

Q A I A * Q + C * C = 0 (7.17) 

flUlft A jjP& tDamian P^jbQ#£ Gramiati Q 


F:=[i. OIP^]. Q:=[7. 0 Jq[^] 
SfiE, P »Q ii£jPT«ffiK-irS: 
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Jitt£7/^bJiit£duxn/vib^ 



Q\2 

' Q 
_Qn 


Ql2 

Qll. 


\ A 0 1 . 

\ A 01 

Lb 0 c aJ 4 

Lb„c aJ 


X 


<312 

“c # d;~ 

+ 

c*d;“ 

Q22. 

c; 

_ c; _ 


= 0 


(7.19) 


fiu Wi = J g£ W 0 = U — £ TV, - / ffc, 


P RT^T^ai: 

PA* + AP + BB* = 0 (7.20) 

mw e = nti. Q 

QA + A* Q + C* C = 0 (7,21) 


TPT* 


(T _1 ) * QT 1 = 



£, 2| = diag(<T 1 1^ , •" ,aj s ) ,2s = diag(<r r 

^7 ) o 





^11 

-A L 2 

Pf 

[TAT -1 

! TP" 

= 

A 2 i 

A 22 

P2 

l CT _J 

i 0 - 


-Q 


0 _ 


nawsj-^wg^eiM c r ^ 


1 

> 

Pl“ 

_C X 

0 
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7.3 


R@, 3tSM*8-»ISfr«sB G„ ffi(# 

G r = G(I + A„,) 

#«ii a,„ ii A rri m#&%%**■& a. 4 g &%& 

min || G " 1 (G - G r ) || „ 

G, = (J + A „,)G 

«TMi±*f G SI. TBBWSJSSilffi 

G : G r (l + A mul ) 

am, a„„, 

m®7.5 4- g, n 



4 W,=iEllV, = G' 1 (j) = 


I" A — BD '( 
*■ D" l C 



(i)G Gramian j£P£ P Si Q BJS 

PA " + AP + BB ' =0 (7.22) 

Q(A - BD^C) + (A - BD~'C) * Q + C* (D _1 )'D 'C = 0 

(7.23) 

4SS!l. 


(ii)IHS G M^abtjntSlTflSM, W 
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P = Q = diag( ffi/ T( , G r Jj, , <J r m /< m , " ’> ^vi^) 

= diag(2! , 2a) 

tji > 02 > • ■ ■ !i><r.v^0 , A ^ G ^2 ^ L/' flil ^7 

An Aj2 , Bj 

G( 5 ) = A 2 i A 22 : B 2 

i.Ci c, n 


M 


.,, r A " ■ B *'i 

f ' r( ' “ L C, D-l 


aw 

x 

II II CO ^ 11 ( l + 2(7, (V -i 1 £7, 1- £7, ) ) _ 1 

II AamJ II «J 5$S II ( 1 f’ 2(7, (v 1 + O 2 ; + a, ) ) 1 

VLW: W { = I, Gramian 

A 

G _1 (G - D) = 


0 : B 

- BD~ l C A - BD } C | 0 
D 1 C JA 1 C i 0. 


^ t±j o H ilE 


ALA 

Lc o J 

Q, A Q Q 1 

IQ Q j 


Lyapunov A IS 

Q A + A*Q + Gf = 0 

G £fj ;frP Grarman 0 
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StmiS; D DD * =l B 

3I«7.6 G(,) * £ 

(A-BD*C t BD1) &9—^sri£W=ffii£a 

iiH^; D frii#, G ( s) - [^ m z 


*£fri*#Wo 


r A - zl £i 1 r 7 
L C 


TA-,; B | 

L C /_> J 

*![/ 0 1 
D J L 0 [IT , D * J J 


/ 0 0 
- C I 0 

L 0 0 l\ 


A - BD* C - zl BD * EDi 1 

0 / 0 J 


MB& 


I" A -‘ zl B 
L C D 




[A - BD * C - sJ BD^ ] 

^frlWfco & z J| G(j) M t ^_HL 

* J^C A - BD * C, BD* )M—□ 
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httj^//vibJ^it£du£n/vibb^ 


m 7.7 c, 



HEM: ft *13 G a 



- ED * C - ED * C 


WWSEfii&a, ft.&nJWiS# C , m A - BD r C- KDiC fi« 


c 


pmQ 


PA * + AP + BB * =0 


Q(A - PD~ a 'CJ + (A - BD a l CJ’Q + C' (D„ _1 )' D a l C a = 0 

£iiio iW, # 



G{s) - G(s)( if + A„,), G(s) = G(s) (f + A mut ) 

(&-««*, c am, «aip$sfi-^*-jRft«! 

7- C W1#5E3|#o ®cte3&# c filSB. 

q M*anj-*if¥a; 

Q(A - BD’C) + (A - BD’C)’Q - QBD± D , B' Q + 

C' C + (C - D_ B‘ Q)‘ (C - D ± B' Q) = 0 











C = Dj. B‘ Q 


.©fnWfEMft* Riccad irm 


Q(A - BD' C) + (A - BD* C)* Q - 
QBDl D ± B' Q + C* C = 0 


#£-'!'» Q , 

A - BD;'C, = A - BD' C, - BD' C = 

A - BD'C - BD2, D ± B’ Q 

*&/£= 

m-. »G(»)#W3f G(s) = C w (s) G„„(s), ffi G^fifaw, BP 
G7c G af> = 1, If 4- G^AG^W—-f 


G,»/> = G„, f (/ + A„, ; ) 


G„ p - G„ # ( I + A,„„,) 


00 G : = G ap G mp ^^ G R 


G = G(I + A„,) 
G = G(I + A„„ ( ) 


So fiiPSffs-'Mtsfc 

Riccati^-g. 4- G( s )ej?Jf„*-f^rW#I®S, 

Pfl*S! 



adet(o)^o d 4- G(i)G'(j)w—t'S/j'ffi 
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Jitt£7/^bJiit£duxn/vib^ 


imzanm?, bp 

W' (s)W(s) = G(s)G~ (.0 
HO W(s) PlFtlT^PJ: 





B w = PCr ■+■ BD * 
C w = D l (C B„X) 


&m,F Mi-'tul&nGrammn&M, 

AP + PA* \ BB* fe 0 


(7.24) 


X RiccatijSre 

X.4^ + AwX h XB^(DD* ) _1 B^X +■ C* (DD* ) 'C - 0 


(7.25) 


A w : =* A - B v ( DD * ) - 1 C , -fjM# A nr + 
B W (DD* ) 1 B^X J^IDiZEftc # 


P = X = 


L /-J v 

M G WSfco F 1 >P2>->F«>0 o 

J GG)W3& / 't'Hankel^ 

IMlLo 

^17.8 ^ 

An A 12 . B l 



L G, C 2 D 


det(D)^0 , P = X = diag (M 1f M 2 ) , 

M i = diagt/*,!^, ^ ),M 2 = diag( ¥l I, ^, •■■, ;^ fJ /, ) 
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A u : B, 1 
Cl ! D j 





prm’M, 7 B Gts) ift/hfflfiw, 7.5 

Etf, X-Q(/+ BQ) 


= 0,55705372196966» /^ = 0.53088390857035 

/^ 3 = 0.03715882438832 

3£-J!fr BST iSa£& 


5 t 0.003757174705 15 
s + 0.00106883052786 


2.51522024045904, 


-| 3 | 1 + tf 

11 .- — - 1 = 2.51522024046226 

, = 2 1 /' i 


7.4 


¥#« ffl P? Moore; 1984 ] # ft ? | A W . ft 8ft ^ S! W 

Ferncbofd Silverman [1982 JTi£flJ5tJ<J a 
Eim S [l984]?#PJ, 01 Glover[1984] 

T—-HSilffiHEW,. iSSipJltteTftlgMftgft Erms 








#- if] -ib ii 
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*fe&Desai W Pal[1984]ffifii&3, ifcg# Green[ 1988a, 1988b] 

mamwgKmrTo Green 

[1988a] t#«, BST Wang « Safonov[1992] 

#aj«J,W[Sij£®[1993] JPHiEII, 

wmmnnwrsm BST*-a-+ifp] 0 sait^^aRUiEHj bst 
^i^MM^^nrsfeiasy 2 2” , T -—, *sw. ffl^isejaM— 

2^ T J ^- = 2„34052280324021 
ti * ~ Mi 

APSaggaf Ifl Franklin [ 1988 ] , Glover [ 1986,1989 ] , Glover, Lime- 
bcer^H Hung [ 1992] Hung Glover[1986] ^pAtfjX^tRh: 

#0f^jtuw##s:!tt+ifesUo 

Al-Saggaf %\ Franklin[ 1987] ,Hmrichsen Pritchard[ 1990] 
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Hankel m&ilifi 


Hankel F¥ Bfr ^ 

Hankel W*» „ & 

tfc Hankel ?£®iSi5l'B] JSWSifiiBT : InffiA'fif McMillan rt 
fifl!56$= G(s),^M McMillan $t k < n G( s), 

ii g(s) - g(s) ii „**„ 

aafti^w^ar*^*. swud-raM-^jiatiti&dba 

HankeuetfcaiEiB 
inf II G(s) — G(j) II h = Ui-M 

K't' > ff: > ®2 ■" > ti "• > ff, Jft G ( s ) M Hankel nf#{Sa llfc^F , 

mmtE®, g(s) 

G(s) = D 0 + j|Ei(s) + a 2 E 2 (s) + •■• + tr„E„(s) 
J^.EtCs) D,j+ ff,Ei(s) + ffjE 2 (i) + - + 

nACs)*# McMillan 5fr k, —IfrM* 

tt Hankel ffi«a®*-ftwa69 0 S —*ifc5£liW&tfi 

LI G || „ < 2{<?i + •" + £T re ) 

*i, D 0 ,tt» 

II G(i) - D 0 II „<(<?, + ... + „,) 

& 0r Hankel i®®®® 

GCsD^St-f-f-®®^ D 0 ~®. ffi& 

II G(s) - G(s) - D, II _ < (<r 1+1 + — + a.) 

«<na#st_t—*JN&a#r*a*» im« 
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Sfa , ASS^a-J-fSITW Hankel Nc- 

hari®a^;J555-—t-fiE^ 0 

8.1 Hankel#^ 1 


^ sm, m r c; ;S|5:£7PG M Hankel# 

r f; : *H- ■— <Ji 2 

r f ./ ; = (p + m <; )/ = p. (Gf). i e ^2~ 
fi[J r (; = p. m g I j ,- 0 SnjiTfflS®: 

a 


M, 


P. 




—Hankel & ^ g(t G (.0 

) Laplace &&& , JJPJ&J# Hankel 

r tf :A(- 00,0] *—*• r 2 [0 t ™) 

Tg/: = P, (g*f), f e A<- ,0j 

(iy)( t ) = j.L,^* “ r) /(r)dr ’ 1 S 50 '- 

I- 0, t < 0 

3 r„ II = || r c | 
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flfc^MS * mii&mt® Hankel *T 'L&ift c 

«w. bp G(j)e^„« Hjit, g nr4H#*r&B*»#FiJftai 
ft, bp#* g. ue^jsc.we^j 1 , ffi© 

G(f) = G,(j) t- G(«>) -i G„(s) 

a-ft.xttt* /ej, 1 , #<asdi 

iv = p, (g/> = p t (gj-) 

a Ge^«(6 Hankel »?R««T G 6 ■*£ H 

m g &%.mfcw,w (;-(i)G^„ » r : ,=o„ Hiit, 
(sta Ge^„#aft? ,£ wiH!a'j«j^^^±-®'tt „ 

r G a<j*mg^ Fjgjz.ih»: ft /e j/, 1 , 

M 

(r,;/,?): =(P t Gf,g) 

= (P, Gf,g) J {P- Gj.g) (BAP G/^sfiEXW) 

= (Gf,g) 

= </. G - g) 

-(/,p + G" g)+0,p. G a} 

= (/,P G~ ff > (0* / fPP. G~p fiiEieW) 

Str ( "g = P (G“fl)jJ/ 2 i—* =V 2 : ®Tc=--P M ( ,_ 

SEiSS Ge^„A^fT^;Wi&dj«^S!BJ353a!: 

x = Ax 4 Bw 
V = Car 

3t+ A IS;£-&x( -o°) = 0 5 U Hankel W f- r„nfiSA 

I>(0 = J 3 M G ? - A(, - rt Pa( r )dr, z > 0 

tz(z),z ! C0,SfcASe®tii(5iLl€ 8.1)-. 
^(t) = r„u(z),t >o 

Hankel cJEA WffiihftM % |i)a A® 
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m 8.1 


izmi-nTi mx 

% 


W, : A( ~ °° 



, 0 ] 


_At Bm (r)dr 


a 

V,~.C *—*X 2 [0,°°) 

^P* 0 J[): = Ce Al x^ t t ^0 

’f 0 : ® ' - A [ 0, <*>))„ ««, JfT « (£) e 

A(- oo ,0],i»=’f , r"(i)M#ifai«iA4 f = 0 
&. = o: 0 attAa^et 

S/HE 


r 5 - w.y. 
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u(z)6 ft( - °°,0],-ro€: C”X.;yO)&-ft[0, co ), WJ 
{'ftu ,.ro>c'= f «*(r)B"e _> ' r J.'odr - 

J (XJ 

{ « )B e A r J:o)m f n~ = { w ? ^t - r o) j" 2 ( - *» 

VXR 

f-‘- » 

<^o,^>,: ro,«) = *C*y(t)At = 

2 J 0 

(r, 0t \ *C* yi t )dOc rt = 

■j o 

* ) x Hilbert X Sjtfc, *f 

¥>0 - B*e" A * r j 0 , r < 0 

A 

: ^ 2 [0 ( oo) 

= f e A,| C" v(t)dt 
J 0 

a-tfc^dar r,s9»mitr 

r; - : r 2 ro,°°) —»• ft(- °°>o] 

V: y = Tb" e A ' ( ‘~ r) C' y(t)dt, t<0 
-o 

4 ft ft ft, Gremian , @P 

L c m I™e^BB’e A '‘dt 
J 0 

ft, = f V'C'GV'dt 
J 0 


.r 0 ec\ 


^ f *x 0 


L 0 x 0 





# # tfc- 
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Jitt£7/^bJiit£duxn/vib^ 


¥u - Lr* 0 

Sift, l l |ul 0 J^-f- 'p.'p* 

£18.1 r;r ff (^c r; ; r r ,)ft&tt l,l w 

tMU ■ :l r g II = /flCMJ, 

fiEM; t o>jr;r^-tflffJJ ; ^ 

z 2 ( - OO ,0 ft M , M^®5£jfiC 

r;r> - (s.i) 

M 1F C SrJ^^CS.l), -r=^ec% 

L^L £K y = t7 2 «r (S .2) 

£^(8.i), ff 2 M =0,&£4^l 

= Sfc S UK 

ft-Jim, Mi£ !k JC^Q & UK 
JiV:^#Eft#,ffi ^*L 0 « = V'Ki ^#£j 

^(8.1)e L^ = Lt-La* — & 2 r ^0. HJAL i< ^ 0 q 

M,tf 2 ^ r;r„ 

1G. G<*m*rsto,r;r ff 
&iHf, & II r, II 2 = || r;r, I! = p (l c l 0 ), C 

a s.i o^j r;r ff rci—/\( - 
*B&Wfcftt:. SEX 

= ^r r ^ w ^ AtO*™) 

jS f J ( u , Ty ) ^ ^ 

r p M = (XL’ 

r; t* = au 

ftitfU , v) Ift# r p fft Schmidt *to _h^iIE^0^T^jEaltfcf^ 
fctfW-W#ife: ^ UK BP U,®*,. f£f# 

L-L^t ” CX 2 ^! 

W 1 ! l^Hfl Ip 1 £tj ftti ft ( w f , ^ )j?>icJS;^r^l1Hj Schmidt )Ct : 







205 


u , 



6 A(- °°,0], = ^ (r r, € i’ 2 [0,^) 


3i 8.2 

ft#*#, 

Ci) M u(t) G l' 2 (-oo,0] , ^ ?3 ( f ) = W ( ~ £ ) , JWJ T’ ( £ ) G 

^[0,“), Rite, Hankel If^TTJiB^ 


r 2 [0, ™) r fj : ^2 1 — 



r cy u^, ) n . l ( rMr , >o 

J D 


(iO a, a « 

Hankel * T a * R * * (ft A -e ^ f'] a * ftl m IM f* W $ * A ffi : 
4KJU&M¥Dr34— 

RH*ES@cfE)®S«+M*,Mi4X^ J/„EMaifeW«'t>rnJ* 1( 

^ G(i)= [c : ^]* ‘ t ft f'< &«?•», SP A t&ffiGft'iEm 

J9!|-^ G(i)ffi3665 Hankel#^uIiE* 




•' u ‘- r) fMOdr, 


0 





r qV — P ( Gv ) , v G 
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v € ^2 ^ ^ 

{ P _ (Gv),u) = (Gv , u ) = (v, G~ u) = (v y P+ (G~ u)) 

Sfe f c = rG Q 

V 


8.2 ^iri 

+t # is w --t-^ a w # a a«!(r ® ® --t-4r a f# a a 

»o 3t-f$jaa®rs*®ttHankei?E«(aia«*»o wis 

SS. 8.1 -'t'-jftfilfrff A MIRttjf * In (A ) i = 

(n(A),i/(A),tf(A)), M. 

*(a ) = a a;??* 'hTH tit „ 

v(a) = a 4?FS¥ ;i rpif«t 3 #eiKft«'i-K( I 

5(A) = A 

Kl F 51 S8 £ jij Ostrowski ® Schneidert 1962 ] i±J 0>l- 
5138.2 ^-t*S|¥A, ffif# A + A’SsO S 11 = H* ,551 
«(AHK,(H), »(AHK>(//) 

^3 8.3 Sgn x x m JEMIMA flB, US Hermit® 

» p=p‘ ,m& 

AP + PA' + BB’ = 0 (8.3) 

MZ. 

(1) £ 5{P) = 0 jl!!) kCAXpCPKi/UX^P),, 

(2) # 5(A) =0 fllj rtPXvtA), v (P}*Z*(A)„ 

(i) # 5 (p) = o, JHdftjatns;(8.3)*e|c* 

(- AP) + (-AP)* >0 
#W3i3 8.2(A — -AP, H—P _1 ),®fc# 

k(A) = *(- AFP’ 1 ) < ^P" 1 ) = jr(P) 
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r(A) = y (- APP "') < y(P _1 ) = y(P) 
rP, 07 

(2) i££(A)=<KP = 17 17* _& 5(P ] )-0 f L7 # U =■ P 

L 0 OJ 


A = U'AU 


rA n 

A 2 ]i 


A\2 
A 22 


B — U* B = \ Bl 1 
L£ 2 J 


m U* (8.3)17 

~rPi 0] rPj oi^ 

A + \A + B B * = 0 (8.4) 

L o o J L o o J 

(8.4)=>B 2 B 2 * - 0 ^B 2 - 0 (8.5) 

(8.4), (8.5) =>A 2t Fi = 0 =>A 21 = 0 (8.6) 

(8.4) =>An P l + P, An + -= 0 (8.7) 

(1)) y(An)^ rc(Fi) 

tt(A u ) < y(Pj) 

*(A U ) = ffCP^O, & 


7t(P t ) = v(A n ) < v(A ) 

y(Pi) = irCAnXirfA) 


□ 

^88-4 £E“-Hfc3G(A, 

B€C" x cec m . % JftiJ 

(l)f (A t B ( c) 

Vk&m r. 

(a) D f^#GG'" = <pp^4*,G(.0 =D + C(sZ - 
A ) _1 B 0 

(b) p P Qec j " n m§ 

(0 P= P* , Q = Q* 

(ii) AP+ PA * + BB * = 0 

(iii) A* Q + QA + C* C = 0 

(iv) PQ= ff 2 I 
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( 2 ) d ms, 

D* D = a 2 1 
D * C + D * Q - 0 
DB * - CP = 0 

d ni&M&aa) 

'uERfl : Mvt B = BfJa,(***C/Ja 9 D = Dfa 7 P = PI<J,Q = Qi a , ft 

stfcjEfMuJtdb) *-=i 

J&te, <r= 1 

da) =>(ib):Si*rffiiiiT^s:^3fipfliQ ®^:?ije.(ib) *- 


iiEBJo *&S£(lahG(<») = D ^>DD* =l a 15] 0^, GG ~ Z => G “ = 
G Mm 

,, , r A - BD l C . BD 1 ) \ A - BD * C ■ - BD * ) 

L D 'C D _1 J L D * C D* J 


T „ gjl 


- 

A* = T(A BD* C) T 1 

(8.8) 


C‘ -TBD* 

(8.9) 

arts 

B * = D * C T~ l 

(8.10) 

(8.9)=^B* 

= D* C(T* r 1 

(8.11) 

(8. 10) =>C* 

= T* BD* 

(8.12) 

(8.8) => - A* 

II 

n> 

g 

4- 

£ 



= T’{A - (T*)-' C* DB* 

T*) (T*) 1 

(8.9) #K8.10)=> 

= T" (A - BD * C) ( T" ) 1 

(8.13) 


^ r fn T*^fe3GU8,8)~^(8.io)&*U8. 11 )—Jt(8.i3), 
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r=r* a 

«*E, 

g - - T (8.14) 

P = - T 1 (8*15) 

'£<!'«£(lb)^^^(L)^(iv) c M, i££8.8)*n^(8.9) 

*0** 

TA+A*T'CCf.D (8.16) 

j£$ltffiE7(lb)*^(m)* M^{8.i6)tfc:-®^ 

AT ‘ + r’A* - T 'c'cr =0 (8.17) 

-fe^(S.io) -j£gta&£-T(ib)4 J ^^(u)o 
cib)=>(ia):KiiEWtr3tfliig(2)ftii d , 

^(la) Q g = P' 1 ,QX ((lb) ,^j£(ii))X Q ^ 

gA + A * g f- gpp * Q - 0 (8.18) 

gBB * g = C* C (8.19) 

Silt, 2.14, ^ D- J & 

DB M g = - C (8*20) 

Dir - - eg 1 - - cp (8.2i) 

#^(8*20)fP#iC(8*21)^l^#(2)4 J ^^^?i^, m&MM 

BE * =(,s/- A)P + P(- S J - A * ) 

=>C(sl - A) _ 1 BB * ( - si - A’) ‘c;* 

= CP(- jJ - A*) _1 C* + C{ si - A)-'PC* 

(8*21) => = - DB* (- j/ - A - )-« C* - C(j/ - A) 1 BD * 
Silt, G(y)g-(5),^f)J 

G(s)G~ (.0 = / 

A±&(lb) ^>(U)^TiHP^^i):fippX#f!j(2)(KjHfM tl Q 

®i s.5 4" G(j) = [^-|^], A GC" - Mj4C" ia , ce 
P" x 4 .D6C" 1 x 
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AP + PA * + BB * - 0 

(8.22) 

A*Q+QA + C*C = 0 

(8.23) 

P = P* - diflfi(2 1>( rl,) 

(8.24) 

Q = Q* — diag(S 2 f al r ) 

(8.25) 


K 


ft ,0^=0 A S(2A - 0 2 I) = Qo 

#(A, B , C) & 

A = 


[An 

a 12 -| 

[B 1 1 


,B = 

L A 2 I 

Aj 2 J 

Lb 2 J 


(8.26) 


W(s),= I- 


"a 

b~ 

-C 

D- 


A = r _1 (tr 2 An + SaAnS! - sC; U B{ ) 

(8.27) 

B =r- 1 (2 2 B ] -f eC* 17) 

(8.28) 

C — Ci Si + a LIB 1 

(8.29) 

D = D - <?U 

(8.30) 

s@,@. 

B 2 = - C 2 [/ 

(8.31) 

& 

r = 2 j 22 - a 1 ! 

(8.32) 



r a, ; b £ 

L C, I P> 


] 




ECO = G(s) - W( f ) = . 

L< 

> C. = [C - C] ,D r = D-D 



A 



B 

A* = 



-Be = 



_0 

Aj 


_B_ 


Ml 


(8.33) 
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(1) (A,, B e , C,) 


AJ> e + P^; - BtB? = 0 

a : q 6 + qa < + c;c, = o 


(8.34) 

(8.35) 


"Si 0 I 

p p = 0 <*I r 0 


(8.36) 


_ J 0 X2 r 

r Sa o - r 


Q„ = 0 cl r 0 


(8.37) 


T 0 SiTj 

P,Q, = <* 2 l 


(8.38) 


(2) E(s )E~(s) = a 2 Io 

(3) * 5(A) =0, M 

(a) 5(A) = 0 

(b) *5(2 1 2 2 )=0jillj 

In(A) = In(-S,r) = InC-Sar) 

(c) ^P>0,Q>0, JHl(A,B,C)e!l#^MW McMillan 
*(2, r)=*(Xs D. 

(a) £-(i)2ir>o & r>o, ®#(a) 2 i r<o & s 2 r<o, 
jaiK a,b,c) *—■ 

B, C » <*=U 

um&^( 8.3n„ s:(8.22> 

fflit(8.23) 6935(2,2)^* 


A22 + A22 +- — 0 

A 22 A 22 + C 2 C 2 — 0 


(8.39) 

(8.40) 


£ds. scb 2 b 2 * = Cj*c,. *iggi»2.i4, urn 
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&£;(8.3iU 

a) s;(8.34)~s;(8.38) BfiaaiuTi;^i+#*w:iw= * 

i£BJ S(8 .34) Wit (8.36), SSS (8. 22)J&* ( * IS ®*ft Hi) U & 


A u + A* + B,B* = 0 

(8.41) 

A 2l + B 2 B* - 0 

(8.42) 

ASj r 1 + l A* + bb* =o 

(8.43) 



b 2 b* - b 2 (b; ^ + u* c^r 1 

(8.44) 

(8.3i) => -(b 2 b;2 2 - cv c,)r 1 

(8.45) 

— (( — A 21 2j — A 12 )2 2 ■+■ .4]a2-7 + A 2 t 

)r-‘ 


(8.46) 

= - A 21 =>(8.42) 



R4. B 2 B !* #fl C{ C, 4(8.45)pfJtljS;(8.22) .jt(8.23) M(2,l) 


B,B- =(B 1 i{ 1 *2 2 + B 1 U'C l )r 1 (8.47) 

“SiA^Sj 4 B.Lrc.Jr 1 (8.48) 
= - A„ - A*=> (8.41) 

Jt+.-B.B* ffi5£(8.22)f*flS(l,l) ?tttt#4WA(8.27) ft;A 
s£(8.41)o SlFT, *ffiW3$(8.43) , sfig 

rASj 4 XjA r — (Aji + ^AijSi — Ci* t/Bj* )22 + 

SoCAji + 2jA u S2 - B 1 U * C [ ) 

(8.49) 

= - (SjB, + C,* LO (B]* 2. + t/'CJ + 
(AuSj + SjAji + Cj* C,) 

+ 2 2 (A tl 2, + 2jA]*i + BiB,* ) 2j (8.50) 
= - rBB*r=>(8.43) 
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M, 5^(8.27) *-x£ (8.49)J1^C (8.50) (8.49) ittMEm, 

#®^^j^^(8.22)^(8,23) mm di 

m m r^(8.34)^fl^(8.36)o 

^iM^(S.35)ftl5£(8.37), 7f^^(8.23)o 

An (- D + (- DA - Cj C -0 (8.51) 

An(-V) C 2 C =0 (8.52) 

A * 2,T + 2i TA + <7 C =0 (8.53) 

M&, ^(8.51)~^(8.53>Pr^l:t^^(8.41)~ J78.43) 

vEW: 

C 2 C = 67(6,2, - UB ;) 

= ( — A l2 X2 - A 2 , )2, — B 2 Bf 

= — A ] 2 6“^* ( 8.52) 

c* c = c; CiS: + cr ub; 

= - AnSaS, - 2 2 A ll 2 1 - C/ 17 B * 

= - AnT - rA^(8.51) 

A'Sjr + 2 L rA = (A u + S^AnSa - B, U* C,)2. + 

SjCAn + ^AnSi - Cr CB,) 

= - (2,67 + B.U'HC^ + UBi ) + 

2| (A n22 +■ 2aA n + C* C|)2, + 

(AnS, +■ SiA;, + B,B{ ) 

= - C* C=>(8.53) 

MMiM7^(8.35)*fi*t(8.37); fln^(8.38) J^tE® njtj; g[Jf# 

m, &¥tm&i8 l y(D&mWu 

(2) ^(8.34)^(8.35)^(8.38)^7^J18.4(lb)6<J^ 
8.4(2) wrM^i7BJ^^;(8.33)M^dl^ D, nj {£ 
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o;n e = i 

(8.54) 

d;c € + b;q € = o 

(8.55) 

dm; + cm, = o 

(8.56) 


S(8.54)*5£B)lnr#alW, £(8.55) RS# B.C.D, » Q 65® 
Jt«;A6Po7fiEiaiiiffa:(8.56)i^D,x (8.55) x P t stnfiESJc 
(3) 

5(A) = 0, M 8(A) =0, fc® gift ft j.-€C” r 

SAec,-ffi(# Ax = Ax «A + A = 0, x=0<, ik 

x* (8.53)x # 

(A + A)x'2,rx + ,r‘ C'C.r = 0 (8.57) 

=>Cr =0 (8.58) 

aft, (8.51)x 

- A,*rjt - TAx + C* Cx =0 

=^xTA u = - AxT (8.59) 

ftM, (8.52)x *(8.58)(fc^tfj 

Ai' 2 rx =li (8.60) 

S;(8.59)ftS;(8.6o)A##(x ,, r,o)A= -A(x*r, o) „ (aft 
8(A) = 0, A + A = 0, & r _ ’ftft, X SSO.M 

5(A) = 0«fiE9io 

(b) H^fifiE S(A) = 0,fl(lTft 5(2,2.) = 0(=> 5(2j T ') = 
5(2,T) =0),W5.fte(8.34),ftg(8.35)cigtEBJ, -T&fflM/M. 
18.3, ft 

In(A) = In( - 2,r ') = In(- 2,T) = Inf - 2,r) 

(c) ®i&ftft ^06C'-'#A€2ftI Ax = Ax fU Cx = 0 

(wuc.A) jsks.sd* w(g.52)x %ta 



# •£# 
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- A^Tjc - VAx = 0 
- A,* 2 Vx = 0 

,m-x)MLA p> o 

& 8(A) = 0, !Jifj ln(A) = (0, «, 

o mm, 

(8-41) ,^(8,42) ftg&mivmigfco 

^m o 
(d) 


(i) ^2 t r>0 Ja*2^r >0, jam#(3b),In(A)= (0, rt-r, 
0);M^|g(3o), (A ,B,C) tfl McMillan « - r , & glfc iiE f?U 7 


00 x T Ax = Ax Jk Cr = 0 o JW x # (8.53) x 


(A -+ A)x*2,rx - 0 

m^®(3a),(A + A ) ^0.RX1U& r< 0 , & x = 0 C @jifc, 


(C, A) IWIa, ^<8.43)*&ai(A, B)M$n±n J 

£#Jc □ 

«8.1 Jfe 




G(5> 


39 i 2 + 105 .v + 250 

+ 2)(.f + 5) 2 


A = 

<M 't 

( 1 1 

4 

- 1 

■'t 

i i 

, B = 

~T 

1 


.- 4 

4 

- 9J 


j6_ 


C 


[2 


-1 6], 2 = 


1 

0 


0 

X 

2 


0 

0 


Lo 0 2. 
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gahttiw-ffigm* 

*=2,mm 


n 01 

♦Ho jj* 


A = i' 2 
3 L-8 




G(s ) - W( 5 ) = 


- 5/2], D = 2 
6r - 13 .V + 90 

3<r - Is + 30 
2(- j ± 2)( - j + 5) 2 (3^ 2 + 7^ + 30) 


C - [ - 2 
W(s) = 


(5 + 2)(s 4 - 5) 2 (3s 2 - 7s + 30) 

W(s) G( J )M->Nfttt&0£Igia, J. 2 0 O 

m 8,2 * 2 n 

2 = diag^2, l),2 t = diag(2, ^ , <7 = U 


Klttlrl&tfJ 

, - 3 2 

A - 


]■ 


8 3 J 

^S8.5(3b)JtlS* 


uJ- *■ 

[6 

- 3 / 2 ] 

, D = 1 


6 

01 


- a l l)) = In 

0 

II 

co|oo 

(1,1,0) 


j£ 5TA A*®#®® 5 ifO - 5 ®WSfeijE. 
W(i) = 


A 

\ B~ 

-C 

i D~ 


s + 20 

s + 5 

w(i) 8.5 W(3e)Jgff»rlreSSP#, jt® 

McMillan Bfr U *SM , S(3d) ^iSJ£ 

BJ, (A, B, C) *#3T«***/h:$:aL ffiiiWfimT. i^fSjg 











# •£# 
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tft + 5 GO) ® 

— i-f'riitt Hatikel ffifSlifiiSM. 


-&», P . E (.0 

O 

««s.3 it*fnaii3c« k—tM : ?2L¥-®mvii'p 

“-t-itftS, If @J 2, = diag (2, 1), u = y. 

co> 



C = [15 3], D ~ - y 



E(i) = G(s) - W(s) - 

1 (- s + 2)(— 1- 5) 2 (.<3 - 21.v + 1 0) 

2 (.v + 2 >(a + 5) 2 {.v 2 + 21* + 10) 


^*9 - 2 1 r = diag( - 15/2, -3/4),&|i|}£Jt8.5(3b),Aj&i&S£ 
M. 8.5(2),]£(j.)| = y.Wtttg&S 8.5 (3d). 

W(.0*$±* G(j) M — ^ 

Hankel 


O 


8.3 jjtifc Hankel 85till iff: 


as#,«[nnjliis«a 8.5 WS«J- Hankel 
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Hankei m.%tu 

inf || G ( 5 ) - G(s) | H ^ cr i + 1 ( G ) 

8,7 m&w /aim 8.5 

?ii8.6 &i$mm$L&f$G(s),R 

Hankei ^ <J\^ a 2 *■* ^ <?*&k +■ 2 *" ^ &n >0 , JWJ 0T 

McMillan i£G(s), 

<j,-( G(jf) - G(s)) ^ <r i+t (G(5)), i = 1 ,•" , n - k 

( 8 . 61 ) 

WG( S ) - G(s))<<r,(G(s)), i = l f *- f n (8.62) 

WWift 

([ G(s) - G( s ) 11 H > ** + 1 (G(j)) (8.63) 

41 * 


G(f) - <G(,) - G (j) ) - (- G(s)) 

SPSISEBJ, 4-(A,fi,C)J6 

*^C8.33)StbeS(A,,B,,Cjafi G(s) - G(i)09— -tM&S 
w**. p= p’ R Q = Q* ^5iJW£S;(8.34)WjS; 

(8.35)<(g^^liJS:^(8.36)^^;(8,37))^E 

>Pu >Qu £ is. ” Xf! 


~p 11 PI2 _ 

TQn 

Qu 


, Q - 

-Pl2 P 22_ 

L Qu 

Q 22 _ 




P = RR’ 




R = 


ri?n i?! 2 l 

L 0 J? 2 J 

= PnPii 2 , RuRn = Pi! - R i2 Ry. 
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(P a >o,H>j(A,s,c)fl;— 0 f Vi 

a,(G(s) - G(s» = A,(PQ) = X.UiR’Q) = X<(R"QR)> 

A, ([ /„ 0]J?*Qr[ J o "]) = 

A £ ( [«1*1 0]Q [ K 0 1! ]) = 

A, (R *] i?n R \\) — A[■( Q n .K11 J? u ) = 
A;(Qll(fl1 _ ^ 12 ^ 12 )) = 

MQifPiiQl? -XX') K* X - Q)?R l2 > 
A / + i <Qi?P,iQi?) = ( 8 - 64 ) 

A, -*■ jt (P 11 Qu ) = *(G) 

X k * k &M(^rauk(XX* 

mm , c 

Hankei 0S«CjSiEI«!®g&£iJ 


^18.7 mx rn f$ii05ffc|$G(s),WJ 

( 1 ) e k + t ( G { 5 )) = mf l| G ( s ) G ( j ) I H = 

inf || G(s) - G(s) ~ F(s ) I Mt fl G^J McMillan 

6 e ^.fc ^ 

(2) Hankei aT^OjL :' j* > ;r, . t = - 2 *" — 

+ , + >0,IM MicMllan Pfr k ft G ( s ) J6 

G(5)M-^®i* Hankei ffiS&jg jfi , F(s>6 =*„(=£ 

McMillan®-^®+ * - l),-ffi# E(»):^G(j)-G(s)- 

F<*)?»JE 

E(s)E“ (j) = aLii (8-65) 

iltnt 

II G(j) — G(.s) il ;J = n t41 (8.66) 



- 77U~ 
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(3) •$• 't McMillan P/r* k Wflkffc 

Hankel G( .v) "JSiBT iTfeWM „ G(s> 

«l- t-T AS ift 

S = diag(ff, ,<r 2 ,”> ,ff* ,0*,,n ,•■■ ,ct„,(7 *4! . ■■• ,a t . r ) 

La fil 

G(s) + F(s) ■= •■ . - (8.67) 

l C ' D\ 

, G ( j ) € , F ( s ) 6 H G ( j ) 64 McMillan = k . 

F{ .s) McMillan J?/[' — n — £ - r a 

w: miB c 11 ® ^ f f (,o e ^ 1 ?JT t .li 

McM illan £ &!) G(;)f 


G(jf’) - F(s) || do sup 

1 

-“s t 

O; 

1 

V 



sup 

II 

z 

a! 

/e2, 11 ri 1 j,s, 

1 

sup 

/C'V.li/- 2 -:= 

il 

II G - G i 

1 -«s. 

’ H r=- 


ffjHiCG(.s)) (8.68) 

£^5tf8.68)flT*3iS8.6 tlSo 

SSlit T iSiii^(8.26)^£ ^ G (.?) F ( 5 ) , W} M 8.5(2) 

ft E(^) li - = (8.69) 

In(A) = fn(- 2i(Xf - a| +1 /)) == (n - k - r,k,0) 

(8.70) 
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H® GM McMillan fiff k Kft (H ffi W — * 4*, &£ ( 8.69) * W 

Ttnamfr* M^,?±ssiu(s.65)ii#^(8.68)n^jt:®Tt^ 

AffiBJK2)MiKStt,iiiiS G(s)J6 G(..)B-t McMillan Hfr 
fj k »®ttHankcl?£g:jaj£,EPS;C8-66)^2;„ SB# GCj)- 

G(»)fijffl$s8.5 f(.o,®h* 

a k ♦ i( G) = U] (G - G), SSt® f# ( G( s) - G(s) - F( s))la t +, (G) 

M1W» a®,ltfcF(.OW McMillan n + k- l."S 

fiE&(G(.0-G(O)» McMillan Efr2£i <r, ( G - G ) W S « ?# SJ 

Wo [' 

An T ft i£ £ tB 7 ¥ W Nehari |H) jffi W SF „ 

*8.8 4 G(j)S-8^.llS,™ X 7 „ McMillan n W 

<fi(G)^SSfc n.Jl 

inf il G<s) - F(s) || „ = ffl (G(s)) 
f< ,) e 

ft =0 BiteS 8.5 £dJj"EW— > M»o F(sl^rt 

itas.s * -n 

(1) (G(s) - F(s))/a, S^ilWo 

(2) &i - ( F( ~ $ ) ) = t7 t (G ( S ) ) , 1 = r j il,'" ,)l s 

fiEW: $ai(l)a£a8.5(2)tBffiHJo 52a±(2)oTM P, ft 
Q, 4aa8.5(l)MJWft<fS. R^ffiSiJT F(- S ),H>J'|>* 
^5ifW-0.^'£fiIijiiLW Hankelisf^filLa | | 

#3rP£fflfJ|£TW&ffc Hankel ffitfcffiiS .Sf JtfcffitScP£±g 

r *{&jab ,#j&—'H3:Rii*Ex m (p< m )wft® 

G(i) 0 4- G„ = [^]*—«r ASr#i* g„ = 
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**♦,(«) < II G - G II II G„ - Gj| „ = 

<*k* l (G„ ) = ^i-t-l ( G) 

EH GjfeG(.Olft-i'»ttHankemg[fflifi„ 

8.4 HankeliEiStjgjEftfJ ^==lf 

Sift WfoJSJft .Hankel Jt 

ffeE* RiSM ® Sfc-fe/h!®? 4 *15-'*, ffi fn#*f itt & ffl # JS W 0 

5IS8.9 4—t*K»> W^ii®RFE=[^4^]fiSfe £(*)£'(») 

wssiR^n, + a. a* 
«i t»ttf ! ft»eTS4¥I. n 2< "1 4#fiEfflriSlfeftT- 
S E = G, + F.^ff G,e^„S. F6 ^i.MJ 



i — 1,2 , ”■ , n | _ 

>^(F(- „?)) i = n | - »j + l,"-,«i 


iEWs 



ReA, (A,) < 0, ReA; ( A 2 ) > 0 
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rPu P12I [Q11 Q21 

P = , Q = 

[P *2 PjlJ LQ 21 Q22J 

if pq = <j 2 /®#1 f 

det(AJ - P,Q U ) = det(Ai - (s 2 I - P 12 Q 21 )> 

= det((A - <r 2 )/ + Pi 2 Q 2] ) 

— (A — cr 2 )' , i - ' , adei({A — c; 2 )/ + Q21P12) 

= (A — cr 2 )"'“"2det(A/ — Q22P22) 

<T i (G(. ! )) = A ; (P„Q„)& o?(F[-i)) = A i (Q 22 P 22 )> 

8 8.10 4- E(s) = G(s) - G(j) - P(j)jlU®a8.7(3)gf^J!.,-a 
G(s),G(s)e F(j)€ i = l ,2,,2i + r, 

ff ,(G - G) = <r* +1 (G) 
i = l >2,'" ,n — k — r, 

a if>k+r(G) ^ CT; (F(- i) ) = <J,+ 2 i + r( G - G)s 5 fJj tH,( G) 

ffiW: 

A = n + k 

M n 2 = n ~ k - r 1-m Effi„ i&BTflJ $ §13 8.9 _t£E^5£. 

W_hi®AF^^lj!iJaI^g|a8.6t#iU» □ 

Hankel iEStjliEW'SJffici ^ji#1f J&T iilSS —ffiiS 

313 8.11 4- G(i)**# McMillan Eft- * x m ft 

aati:«I¥J.(T»(G)S 9 *»* 2-0 ,4- GU)J 6 —Hftjgsga 

8.7{3)WalM(^cfi F(s)=0kfftt* n - r (H)*W Hankel 

j@iffi.JHU 

0) (G<j)-G(s))/ff.{G(s))@rfe®«i. 





# # 
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(2) <r t {G( $)) = a,( G(s)) f i = 1 , ri ~ r _ 

HSU; £@8.7 l&iii A€.-, & F( s )'SJi4^ 

TO <7,(GU))W&3I* 

8.9«afo □ 

n^mmvxiL^n^-w^ GC.o.fl.^WEfirtsi g(.o£ 

McMillan » »5p, St#@i »£ * gt« illT Si «)£ „ 

!£«8.12 4 X m ,R 

HankeHtWtft# cr, - >a NO %<£,<;, r, a Wjftft G(i) 

»-'tafej&st;* 

GC.0 = Do + oiEi(s) + <f 2 E 2 l-') + ■” 1 rT\-E\(s) 

(8.71) 

Kft 

(1) WW# *,E*(s)*4«M*mjE«o 

(2) Hi! * = 1,2, —,N 

* 

G*(s) : = D 0 + y] ff; E,(i) 

- - 1 

M'fc McMillan r 2 + r 2 + — + r* 3 

ffiffl: 4- G t (Ofi G*,,<*)(E&3UI 8.11 & 
r, + r 2 + - + r* Mfttt Hankel ffifriliE ,fl G v (j) : = G( f ) „ ft 
£ftfflffl3l*8.U<2)Jnf#@l Gi{.OW Hankel ^#<1® , 

n.n.,-,0,, sjit,'Sia8.iia)^* 

E,<s),&tfj c*(.o - G t .,( s ) = 0 - 4 E ( (s). fRW, 

£S8.5(3d)W^iK<i> Gi(s)*ft McMillan gf 

r, + r 2 + - + r t „ *10,«D|i=G o (!),&I-t#»ff .flg'fr 

GUi£i*ifc*0r¥«igS 3 □ 

8.12 WfS3&ig|l^lfiT--aj£*tt,ffi±?*l£ 
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II G( s) — G( s) || co^flrj. +| + a k +2 + + ct.v o — — 

Hank el 

g ( s ) = 

g ( s)$l 8.i2 

^mth, 

ms.13 4" G(s)%f-^&m^m,px rn 

kei3fjNi* *i>ff 2 >-><*x'# r P,n— j t' *, 

g(o°) = o [J jay 

(1) II G (j) ll m ^ 2( cr| + oj + ■** + tr, v ) o 

(2) ^SE-^jRPf D 0 ,«f* 

I! <5(.S') - Dp =| » «5£ (7i - cr 2 + ■■■ f cr v 

lE^: Xif= 

* E*(*)££iSM 

II G(s) — Dq || m — |[ cr | E i ( 5 ) + tf 2 E 2 (s) + "' + ff^E^Cir) || o:: 
^(7[ 4- <J2 + **• + crv 

m,* 5 = <»,[i3T G(°°)~o,te*&aj 

II G,| || ^tTj +■ i? 2 “■ +" CTv 

II G(s) || „ : ^2(ty-j + <j 2 + '*' + 0\;) 

raw ^«,ffi#t,wiK*±^ssti&,4irs— tgr%m.w l 

l?o 

«SS.14 —M£.#l, m x m «f£ji®ftSl|5$G(s). 

Hankel$#{!* > fft + , =„ t + 2 - = o i + r > , r4 , 

McMillan Efr k 69G(s) 6 <.Vo“„,J§ G (s) $>E 

3 8.70f1#i!jMftffc Hanket SESCiSiS .Ml#®—'h 


LI tt 
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iERE; 8.10 ft# 8.13 gpnT?#fiJ, □ 

g^g M-mvt Hznke\mmMj& t mntt 

jt#&P$D,G + D mm—tmifc Hankel ffilfeiii£ 0 Sift,Gift 

#*£®*SBEif Hankel 

^as.i4 d 0 

* *f GO) - GCiJjffiffljS 8.13o 

( G ( j ) ” G C j) ) — McMillan n ■+■ k c 

* £ —8,7 Hankel lEftjl 

USSIS^ 4 G + F**Sa8.7(3)?fS!lM,ffitf F(s)e^„ 

McMillan — k — r ,510 

I G - G - D 0 || „ < II G - G - F II „ + || F - D 0 || „ 

= <r* +1 (G) + || F - Do IU 
a®.# F( - s)pTM^ 8.13 wa—4 Do.ffiW 

II F- Doll-< 2 <r,(F( - s))< ”y; r ff , +(+r {G) 

aiHXi.tii 8.io,sf i=i,2,■•■,«-* - r , 

0,(F(- ^))<(j f+1+ ,(G) 

D 0 = arg min II G - G - D 0 || „ 

0 

i±.#,^a8.i4-tfeplfl!T#^rW*SEo ffiin.Jfjt—•Hijg, 

G(.s)° 4G„ = [g ]*—4*S 


rM*r#aa»t®^,x4 g. = 


A G„ 65* {£ Hankel ?g» 
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(j t+1 (Gj < II G* - G a - D a ,1 « 

«■ i- r 

^Sss- &k f 1 ( G a ) + 'y j G} + k- r (G ii ) 

I = 1 

wj 

II - k -I 

^ +1 (G) ^ II G — G - D 0 II oo ^ + ^/-t-£-t-r(G) 

E^l %} ( G ) = a, { G a ) Jk || G — G - Do I I G u ^ G,, ~ 

D a || 

d 0 p* d 

^ 8*15 x m MT**IEft G( s ) 

W ,^ Hankel *T # {E > <J k + \ = c k + 2 ■ ” = ^ + r > 

fft + r + 1 >-^,>0 t m McMillan gfr A ^ G(.v)G G(j) 

8-7t#SIKl,r-#IEJI!lW®ffi Hankel jBftjSiS, 

pj - Jt - r 

<2A.l ( G) =C II ^' - G II ™ ^ 2( J* f) ( G) + <7,+**, ( G) ) 

ffiW: Et3«aS.14 H|lBr#4g}fe 0 ' □ 

8.5 

+#i£#l^Jg3.8.12 

kel ?StS[ai£^|H]lEi<f^Alfe«M««o 
51*8.16 4-(A,£,C);i —tst.ta,™ X m 
G(i)KiTaB*®.^4- 

An Al2 l, B = f B, | 

-^21 A 2 2 I- -B. -I 


A = 


c = [C, C 2 ] 
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^(A,B,C,D)*1fitg^(8.27)- ^(8.32))W^X(aa,S 2 = 

2,)= )£JC 


^ii 

- B, 

Ci 

o 

| A 

iT 

L C 

^ D- 


(1) (G„( s )-G„( s ))/ ff Ji^MWo 

(2) || G{f) - G*(s) | „<2a c 

(3) Sr 2, > ctJ JU!] II G(r)-G t U) II „<2ff e 


ffilfl: 

(i) ^TffiHJCGaO)- G*(i))/<i*^aw,-a*sij 

‘A ■ B 1 

G? f (s) - G k (s) = L ,:^j 



A 1t 0 

~B{\ 

A = 


, B = 


o 

_ B _ 


^£,^£118.5(1)^7 Lyapunov //© 

AP + PA * + BB * = 0 (8.72) 

A* Q + QA + C*C - 0 (8.73) 

- - r i 

, Q = (8.74) 

L-r s t rJ 

F e If ,^(8.72)^^:(8.73)^^liL^ 


2i ' 
./ Sjr- 
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8.4,ft'?fc D ffif#(G*(s) ~G k (s))la *C = 

-c*~^^-srja#a-,4P!!fBri ! *.^(8.54)~jj;(8.56)S5ta 

8.4(2)5|5a^ 3 

(2) (GO) - G„(s))la= (C(s) - G,.(*))/* <- ( G* ( s) - 
G t (.«))/ff,{i(g(R* Jf 8.5(2), -&mm—MM 09 , ff5«f5—« « 
*±j£Sa(2)tfeSrkaM,W II GCO- G t (s) II <2a. 

(3) #nw*,fdffi±afais:*#^ Hankei ?£&«*&&& 

II G(s) — G fc O) |[ f/^ II Gls) — Gti ( s } ii h L 
II G t (.s) - G*(.0 H „ = 2a 

(ftjt,^2,> ff f,JSiJ G„0)*1S£«J □ 

--B.Sdl3ia8.l6 

*#BU‘srSSitfeuHB^4uT. 

sas.i? & p ™ f$&is»f¥, jt 

Hankel-^-#®* a, ><j 2 - > a N , jJS , U -'h a, MSSi-,iS 
4G*(OJiftS G( S >M J F-**30EMir(r 1 + r a + - l r t )'N*& 
W«W,JW 

(1) II G (s ) - G* (s) || <„ ^2 ((?* + ] +■ o k 12 4 11 ■ 1 a,v) y 

(2) II G (.v) - G*( s) || //^2(a t + ] 4- a k . 2 + "* 4 a\Oo 

T#£«,#ffiMiB£ifi&'D3j£i£o Hjtfc,«a /»-m„ &®SIB£*S¥ 

Lyapunov iTg.OT G, (s)flil 

Hankel Sf@®^ 0! -a,- ri,r 2 ,--,r, e G.COtMJ 

jSist#W G, + , ( 5 )e5 5 F-^3B^M ffi II G, + , ( 5 ) - G. (s) l)<2ff,,, *} 
Hankel vrflHist, 1$(G„(s): = G(s>) 

'I GO) - G.O) II = ||^(G,. 1 ( i -) - G,(s))l| 

^2(CT t+ i + 3 i+ j 4 '•- 4 cT.v) 
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8.6 Toeplitz J?~P 


*■¥<¥ G(.«)e^J-t 

G &5 Toeplitz T c 

T G : c# 2 I—*■ Ji 2 

Tc/: = ( l\ M 0 )f = P + ( Gf) , f€ A 
gP T (; = P + M 0 \ J<1 o G(i)e T e = M c | rf! * 



31 fcKT 1 Hankel , Toeplitz If "f&5B3 

i£:Sf /(i)6A[«,“) 

T,,:A[0,“) >— A[0.°°) 

Tj/ : = P+ (ff * /) = f £f(t - r)/( r)dt, t > 0 
J 0 

»r ja, c * st «ip «) m & n ? wl (& b* « * »> # t * 

Hankel ifil Toeplitz 'BU SIT —A ®$ A & „ <f^±, 

B IHankel iffl Toeplitz ^ H Iff “? A = 

Ge^„gpBTo G WSHRW^nr-jg* 


M g :*»2 © A — ^ 3 J © A 

r/_ 

Tc T c 

!tsap-M (l i J i*s±fi- Toeplitz 


F_ M c 
P.Mcl, 
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i&'e. - y Mt^&iicitt*3Sja,3£- g 
G € <#*,,$>] rg - =0 « JM 0 A —# i£T - f . hBJ iff . 
S.GSBSfi.satts Tg~ = o,BP#*0<jttAff;^*o|6iji* 

8.7 IH#_hW Hankel ftl Toeplitz 

Hankei« T 0P ih z% 

swai&f^iirss. tr it, m m -®«* &#•&!!& tea 

SStSlBj. 

B; = U6C:IAI<1| 

•$• d « 3 b ^ aia ^ Rj-sfuaiit . 

13: = I A € C : I A l< 11 
3)0 : - IA & C : I A I = 11 

4- Hilbert 2 |S|, J£ A 

* 

^2(3j 3') — |P(A):^[ Trace[ F* (tr 10 ) F( e*°) ~ld& <C oo l 

l ^ 0 j 

<F,G) : = ^’'Trace[F*(F s )G( ( A)]d« 

M.t =¥ 2 OB)* A: 2 (33)65(«)^S|B],.i.®|^a® ; F(A)ffi 

D'fistf.sp 

■*i(3G’) = [F(A> € A(3.’C~): 

^V^V'dtf = O.StSff 7? > 0 | 

A( a :3)«(W)-pSW,l.teSailCF(A)4 

c \ a ^ mtiT . 
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mmf- m . Fourier £&(jlUStfc ZT SNft 

Kit: 

^ 2 0?c) = / 2 [o s °°) 

^ / 2 (- oo f 0) 

ft 8.3 ;*ie£,Jtfei?E(tt * 3E&»FME** fti£t ; A = 

«" 1 * <2 

fa }& ftt Banach 

II F || * = ess sup<7 [ F( e* 9 ) \ 

Hardy $0 <* m (3T, )JS A„, (50 ) « « ? £ M , ft 0S tSCttiT * «f 

j»'„(^..') = |f(a) e i-.,(d:) : 

J%'(^ ,f ')c’" t 'dd = o,*tj@f^r « > oj 

li F || ™ ; = sup d l F( A ) ] = sap a [ F( ^) 1 
IC .3 oc 10.2*] 

il, *»OC ic/itJj j& df«, (<7j KZjg(J ;«)(ffi IjV; W 

*. Tf-¥ ® i&iSSI W i'b] a ft rfD W JB * * «) D 

«J8.4 ^ F(A)€ AOE),#4 F(A)*^-inT¥a»®^ ; 

F(A) = 2 F,A' 

m f<a ) e =« 2 (3 z ), i < 0 , f, = 0; f(a > e 

).3-S.&3iXt0Mr i>0,F, *>0o o 

*&.^P SPjiIK^Efti; 
f +: ; 2 (- °°,°°) •—*► / 2 Lo,“>) ® ^ 2 (dD) <—* j 2 (33) 

P :i 2 (- “,*) 1 —*- / 2 (- °°,0) fiJt J?j(<7.D) •—»- «A^(,?D) 

G fl (A ) €r ^^(31/.) 0 pllj fll Gj(A)-t0^^J Hankel 
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r, :U(~ cc.O) •—»- / 2 [ 0 ,“) St ^,-*-(30 ) ) 

^Cj = ■^ >+ 

SS(GU& . — 'T'«l Toeplitz#?® X. X) 

r (V / 2 [o,'~) —^ /j[o,=o) i$ =a(3„') —^ 2 ( 3 -' ) 

T s = P* M Gj 1^, 

^ G :i (A ) = 2” _„ G ' A ' 6 ) A — -t-^te^S&CKjte 

®ESSSjSiPP,«(A) = 2” „“- A ' e ACAD ) 
mwta.h, - j B'twtiAo!ay**®« 

i&a 


_v(a) = Gjuuu) =22 o,u/' +i = ■. 2 >,*' 


* 












* 












yi 




Go 

Gi 

G 2 

C 3 

g 4 

g 5 



y\ 




G-i 

Go 

Gi 

g 2 

G3 

g 4 



ya 




G 2 

G 1 

Go 

Gi 

g 2 

g 3 



y- 1 




G -3 

G-2 

G [ 

Go 

Gi 

g 2 



y 2 




G -4 

g_ 3 

G 2 

G , 

Go 

G] 



'•y .1 




G -5 

G - 4 

G 3 

G 2 

G -1 

Go 



■ * 












L. j 













(8.75) 
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~ yo 

y i 

yi 

* 


Go G-i G _ 2 • * j 

G, G 0 G , • • ! 

G 2 G, Go • • | 

Gi G 2 G 3 • * ] 

G2 G3 G4 * * 

g 3 g 4 g 5 • ■ 


" «o 

«1 

U 2 

y- 1 


G-iG.^Gj * * 

Go G : G 2 • * 


M-l 

y - 2 


G 2 G _$ G - 4 * * 

G L G 0 ^ * * 


« 2 

y s 


G_ 3 G _ 4 G _5 ■ ■ 

G-j G_ t G u * * 

i 

“ 3 





1 



«o 


W-L 

W-2 

M-3 


* Tj m T 2 Hi W H 2 

^ToeplitzJ*^ T f;- W3e»^j3K,^^o && 


5131 8. 18 II G a ( A) 

si r r; II = l' Ti II o 


Ir Ti 

«>1 

H«2 

tJ 


il n it = ii h, ii , 
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Ms.s G J U)e*K=H„(a:i)$XR G rf (A) = C(A- 1 Z-A)-'Li- 
D ^Gj(A)S 5—'t->bL i ®$[a5*a,-#' A &}Zti ft ft&&$}&£ 4 1 , 

m 

GjU) = D + X]v +1 CA’B = i^G,A‘ 

t —<i j = 0 

Jt4 3 ,G 0 = D,G,= ca : l B.Vi>U ^SSlaWLMfij 

JT fr+t ~ + £fttfe , Jt _oo - 0 

^ + Dw* 

^fho R iit, at «ej 2 < - ™,0)J * n = ^" 1 a- 


^0 = ^ rW = [B AB A 2 B —] 


jr 0 ft K 1 =O t t^O (J e f . 


*>o - 




' C ' 

.Vi 


CA 

^2 


CA 2 





*d e t 2 i 0 ,-) 


SJUffliJ* 

B* 

B * A * 

B * C A * ) 2 


= 


e t 2 (- 00 *o) 
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■v; y = [C* - 4 'C* (A' ) 2 c' ••■] 


tkK- Hankel : 

r C 1 


G’i Gi G 
G 2 Gj G, 
G3 G^ G 



o 

Hankel %^"Z. 


J> ~ 1 1 + A 

A - ——7 , a- — : t — . 

$ + 1 1 A 


(8.76) 


j-.= 

fitiS: G (.0 € (><:), 


Gj (A ): - G (.0 | 


(8.77) 


G(*)£ReU)>0(&ffi/5°°>±jfc#r,ft Gj (/) ■£ ) 
SP G rf U)€ **.(3C ) 0 
11 a 8.19 II r« w II = II r S(ij || 



Hit, 
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fa U) Hs)f( s) = ^2<3I 1C ) —* 

I ».£_■=, *{0*. 

fa( A) ^^(0/(s):^, J -(^3) —>■ ^r(j'5 ) 

ms -tinift. a*£y# faU)edf^(^j),m /a°°)= « ^ 

/( -l)=0,St - 1 *J@: si(s)/(.Ol»-^«^,S|l t*(.v)/(s># 
Re(s)<0 .hWffu 

)-*^ 2 (<’l' ) 


* I 

^r(j s)——- -^(/e > 

1 c;(,) 

fc$«Hapw#ai. 

±a j/ 2 (3b)« j/ 2 (;r } iwj h as tstw-M 

-SsffrWjS&H-M ^2 MR8. XSfiS 
Mttl&A t ^,(32 ) *3 =^ 2 ( j F MsJ«„ 

8.8 Nehari^a 

,-1- nank^i m? 

(=l@« * V X'i>&&JQ£.lliX:iPs£m&%ift, spft. 

Re( s )<o(BE'Ai>i)#gi(fMflii^ai£ g wNifi,aawaj£jE^ 
T ^„(3 ..)SiR ^'„(a:. m 

^W.JtSSCftU I>1 ± ft? iff, G(*)€ ^,Z(J.: ),3H{SJ 
S G(A ’)€=X,(a::. ) 0 

rw«ME*.i^ g ai a.® *4? r- 
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IJ r r; || * 

#l£mM 

^3® 8.20 & Ge^ a ,,I 

inf II G - Q ll«, = || T ( , l| 

^r u 

a 8.4 £j£, |lj#fe|fcfr5S<8.67)2^13 8.19, 

St hZe&¥¥l@i:,i:i£*ga«fi#HiHK Hilt. 

am&ift&iiitomn-, o 

ffiW:#&fil£l|Mfc®ati:MiiEJ8o ffTfc, W f,« £ (11 itfc Hankel 


tr — Q 11 *, =3 SUp 

/<£ -y L (« 
S3 sup 


I (G ~ Of/111 
II /II 2 

Lp. (G - Q)/||, 


•f I 1 / I 2 

H /- G/ || , 

iiTTI 

= 1 r c ![ 

— -t- Q(A)e^i(3E'. 

I, G - Q IJ „ = || r c II 

$ G(A)#J Q(A )99*®fSr@ff* 


(8.78) 


GU) V] A'G,- 

q(a) = y a'cj, 

^(8.78)WSai^T'?rJ3([-f W?£»: 

f —^(G(A>- OU))/ca):^ 2 -(01 ) A(7.'J) 

WWfcfcl ,#£)£—® ^ 09—'t'SEi^jf : 
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* 

• 

* 



* 

* 

- 


* 

g 3 

g 4 

g 5 
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* 

G 2 G-2 

G - i - Q i 

Go - Go 



* 

* 

. 



. 

. 

• 




G IUSSJ£^(8.78)W®&Jtftt5cEft Go, G t,-,® 
£(8.79)«£l$i£»®^'te 0 Qo.fcTiSft'Mfc: 


4 

4 
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* 

- 
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g 3 

g 4 

G s • 4 

g 2 

g 3 

g 4 

Gi 

g 2 
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Gq - Go 

G, 

G 2 4 4 


Parrott + ft Mmfrtf Sffifc) , £-*/MB 

*T*nT*eft«S£!K: 
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4 
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* 

4 

4 
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g* 
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4 

Gi 
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'I r G II „ Q ,,fTSfi/l': 


• 

* * • * i 

i i 

• 

i i 

g 3 

g 4 g 5 * * 


g 2 

g 3 g 4 


G] 

g 2 g 3 • 


Go - Qo 

G, g 2 * - ! 

G_, - Q-i 

Go - Qo G l * * _ 


llr t; II c t- 

56 ' 3 M Qo 

if. ® S ¥ It ft iW, ft fj i$ # -A' =v„W«i®JE- 


JS8.21 G 6 /„M l\ = r; ; (Tfr 8.2 taA),* 


inf il G Q . II f G II 
ye <*, 

tERH : ai&WT|f^KP 4: 


inf II G - Q II ao - inf l| G~ - Q' 1 r , = II IV II = II f f; li 

Q-e-. 


G 

4" G6^„i4 firJ^G & G Han- 

kel || r f; |l = 0 & « € i? 2 ( - ,0 j U£ M 00 ,0)) 

ft) x>e AlO,® )(5fe Schmidt *t 

rv ~ tT! ^ 

r J v = ^ L w 

ffl ^ U V $} Laplace Z 7H U G ^ ft! 

\ r G i^2<> 


?la 8.22 4- G€ .C„fB ft = ri -&G Wft* Hankel ifftt ft,M 


□ ^ 
















inf II G - Q lU = ffi 


( G - Q ) U = V 


aw,# G S-'f^aaafe.M'J Q = G - « t viu ikm-MK 
G ~ Q W o 

SEffi:^ H-. = (G - Q) l/.jfttasj r a Ue^H 2 & P,H = 
p + (Gu) = r t; G,jai 
0 < .J H - r c C 7 II \ = 

II H || l + || r c l7 || \ - <H,r c U) - < T,;V,H) = 

| H II l + II ToV II 1 - <P. II,T u m { r G U,P. H > - 

II w || | — <r f; t/,ry,u> = 
l| h \\i - (u,rzr (; u) = 

II Hi\i- ef<U,U) = 

II H II \ - II Ilk 

II G - Q II l II U II l - a] II U II 1 = 0 

ift H=r (i C7,ffll{G- «)U = r c; [/-ff 1 v„ 

SMr,* G * — Q « - 

Wo l: 

^ G (s) 6 



'O' L c L„ W 'ij 3tS'J Gramian 5$i |5£ 


AL t + LcA ' + BB ' = 0 
A * L„ + L„A + C * C = 0 


#4 <t?, 7fiu, 
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L c L n i} = a\y 


f: = 7,^ 


u = = B * t> A r £ <0 £ 2 { - 00 ,0" 

* = ^7 = Ce*? e ^ 2 [o,~o 
;Hk Schmidt Xt , JeL 

r- a 


i;; -°- [ b* 0 <: 

V’(.v)= [£ ’ C 

ffi.g- g*—'M ss.M u, v s»*f#isasi,#a u~ u-- 

V“V„ St v/G^iiWo 

SSftWBI^S 

G(A)=C(A- f -A)- B = ^: B o j 
# L c Gramian^ 

ALA * - L c + BE ' =0 
A'M-L. + CYiO 

^ *?,* #L t L* 

L C L C ^ = s?? 


?: = T-M 


mu 


= 


B* 

B* A' 
B'{A') 2 


L 


$ e ht - ®,o) 
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¥ (J r/ = 


C 
CA 
CA 1 


rj € i 2 [0,«>) 


^ Schmidt X 1 ) , J1 

U(A)= f]B' (A* r'-'SA- 

i = 1 

" A 


r a 


v(a) cav 1 = I 
,=0 l 


CA 


■ -1; 

i 


e 


6 


ai,tV(i)': = W r (i-') t 

:Etj-T H,u At, W 

(nl|MJ65cR*W M# a 

CO) = 2g,A',G,- € P * Q 

i - 1 

/v 


H 


G* 

c 2 

G* 


G 2 G, 

g 3 g 4 
g 4 g 5 


H = U^V* 

2= diagl , ” 

U = [u i m 2 

y= [vi — 

, u* u= uu # = / a v" v= yv* 


U — U 1 = 


J J 


-“11 


~^ii 

“12 

, V = Vi = 

^12 

_ : _ 
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jtcfi , u ***?■ ri o)# 


VUM^ 


U ( A ) - y] U 1,A " 1 d 
! = 1 

V(A) = ^ ^^2 

j i 


SH, 




K'P 


H„ 



G x 

g 2 - 

- G„ [ 

G„1 

g 2 

Gl 

G n 

0 

g 3 

g 4 - 

0 

0 


_G„ 0—0 0 

St M jffl f 6]' Eb H„ WW* svd ^#®J<, 
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Frands 

[ 1987J^O Glover[ 1984,1989] 69XffG 
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SiStfl MIMO m Stf-W01 Xt@f ffi 

m, X}*!iE#ttf‘HEirri a , W+RftWJtligtiifPJSXX 

3fcfrKlo —r S1SO W MIMO 

1i:±Mfe4^tt»iJo SISO 

^rfeffl-T- MIMO *0cBT#I^^SS;tgS«^^ = 

9.1 

®exl^S|5#WifiIa',i4fl']jgWft-®—^1'®dSttK)*fi-„ ms.ttis 

PISjainittW^M- 

Hitt,—"hti^Agctiasax'j'iiMiRa 
*^-s^xtvF:5rtgftjtm*e<; 0 dxewif s 
i®±ffltf-BHtWoT^fflew-i'^ff±w"6Rj6£-5re<jo 
& Jf#, sl&as* W m$L M ft PS, — JffiSitfi* teMtim-F 9* 
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&BEM^tiiffiinsMi5®^a 

■m a m n gi ra a si & #? a m * w u .«, ra at & & m a se fn vx - - # 

wsu.xt- -+# jtj-.isi 

& M*se *a, # js$n m #?e *« a a e-tt xts $&a tin m »r«j &9 

raSo ^Ast^ttiw— 

■f^iti—t-jtT^tUS^Wft^WKi^. #affi#69fff®T,e 

^p#ftflir,fflfi,*s@jaa^ipBT+H^4fttfijffla --^ffljRjtt 
feU jS-*SWAiiStt# 20 #££ 60 w 70 *Fft69;£&>*'3®! 

r ® AisASMlRlSiAffflT -*#Jil9£69 

.WSn,ft+ 69 Wiener,Kalman »®m& 

LQG ® {fc^fj # 0 »«* 69£, LQG * f,t ffi @ A13t A A « 

s#:, ait ,%Afn is mm it ,$&&## a a, 

+®A 0 Win,—-+Jn&i*^as?ft 

ii69 0 Ml£ -®69 Afjtsgtt , 
^S*-fr69*l@ftitfii=3H>!to ttlSu, 29—+!&#$;££[. R&tl 

W69 FDLTI 

fttt 69 ^ifeAsS;„ &##&;£■ 2^90 3 AS! Jtt tfj Jtlffi.ll .S fcJ-U 
W^tfctgit^lS + o intfrje® + S'^Si+‘T:08i(ffi iSfiffitt, 

. m^ffi®*^®®+,*■«,* » 

If ® T, $ ft » A+W A # a faie M B a 69* * tt| «T® a W#St 
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SW^fSPKW®-^) ,#*■«; W FDLTI 

*iw«s!*-a-o 

W.SP*^' + 180°W^HS'So i£#SR^. : &iJa?5 0t t f , ;T ; njilfe, 

^#£e»ad?si*ittSiS5M-FftajBiiS!aftai»s 

mn.i&ss: 

Fa(.v) = P(i) + W,U)A(s} W 2 (s),d [A(joi)] < 1, V« >0 

(9.1) 

Kt,w, fn w 2 

'J'»SK=$sttw,## 3 £P? Palffcftjysslfc&S! p eg—t4P«P9, 

WpSJlft,^ / & W 2 = w(f)/,R + , ffi(s)6-'t'tSJtfiJfc* 
MPi*^—■ma,(»*^geg 
n*,iPB 9. i #f*o a —a wuca^^s 

i*f<. spmrsfjs.afl'^fliS'ttnjwi#s3t$^®.sm&Tags(]S 

jC(9.1) eg^ — 

p i(*) = (* + W,( J )A( s )W 2 (s))P( J ) (9.2) 

a —p w—^MEjB!i-ffc4p®rt 0 ^ 
(9.2)rtntTsE:(9.i)egffc^)ifta:(9.2) t^^Hteg^aigafeig 
js* eg s si # # « isi eg ^ n si« a ^ ( hp j n ^ a ^ ^ ^ ^ M T 

»r-^®eg fdlti 
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m 9 A Nyqu-M ftii *£ 

sp^o {3e,m#rr®K@!iifj«*^af^m^M^a-PWAg-e. 

-g-efio ,raas 

^#i£$(Wo §f+K)j£,R. / >^i*i , ftiKifflM,HP^(y. i)j$s<:(9.2) 
4paTJ®j£ii£— ?£UM, ^*,^(9.1)W5S:(9.2)st3Erfc f« 
rg*ffiW‘-tefifj’’FDLTi — -t-* 

w, jfn w, 

M*c 

^,(9.2)M P A MZS[ft A FDLTI SM 

3 Parseval —"f'S JUS; ,PJM;tj — 

,3t&m , imn -t-# -ft sffe'S-, 

ft[Safonov,1980]flj[Zam es ,1966]®S:^'PS® r&-fS, [fij 

^=fiw-^gf:-sa- -|B]@ C 

S« # *Sin ±gff a W # W (fti * I#® H't, iS; (9.2) + ftfj An fe ia 

eiiinaj l.iffiWftffiSSST n fi— 

± iso’, 
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a m mm mm, mw *r jk m & & w® & m ft m # m 

«rssstt^*» 0 



m 9.2 Tu(xU(^)pi^^M^m 

Fs] 0t tt * PJ ft 5$ (9.2) ^ w * ffi tt «f a -til T'T & ft -£ _h s 

&#$«:*£#&& <r? 

Wfe^eiHSffl,'HIftftjR MififfS , M *&£-#tL Si ftj46S#tfc. 
& a Ji hii ffi ^ 1^+if i-fe ji M Ff #S't# B'i a S o 

$S 9-1 #;£—^*»&£4Ft>esS£ffi£;S n .a — 

M-er,®® pen*##-ait«^,K Afcttmt 
»,wajFsat«@E^»A# 

tS#a&tt(NS);^ X ttfeiftga? |Aj«.lE t , 
##S/Btt(RS) :?r X ttMT II 4'W®- 
F*£ o 

«»tti60jp) : e^«ps:fix.m p *&es6©fe„ 


© M *!!,£& Safonovtmolfn Zam^lWteJttS^o 
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ffixLiiM-fr w * r ® w r, tt fn -tt # ft mmik a n 

m & ft m $ # w t& rf * is „ 

9.2 

^ 15 ftTF - ^ T-g 

So 

***1® 9.3 j0f^W!£«£&,£rKM(*)je-'h;&}£to 

/>J< ?#s§a»$gBu 



a 9.3 wags 

9 jwerf=»,#4- ?>o ,iijjps 9.3 Bfz< 
sss^^a^jjfwjisje. 

(i) || AI „ < 1/7 fft A( s > € <AcH„ j6i£Jg(Hj^|] , ^_g.{jj 

itl|M(,0|L<7; 

Cl!) II All „ < 1/7 Ift A( s) G w , MSJ 1 

•RS|M(s)|U<7 0 

lo 

(3t^tt)SJSL,M(j)A(s)fi^g6<l ,BAM(s)iffi A(j) —# 

±9fiM£W D tt*«&a5.7(gES5.6),*det(/-MA)jtif^f^ 
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inf <7 (/ “ M(s)H(s)) =£ 0 

Mm# A€^.._aiAiu,<i Ffs&Wfh 

inf a (I - M(,s)A(s))r> I “■ supd ( Mf a)A(>)) ~ 

1 - llM(.0A(.0|oo > I - hW(s) |U- > 0 

fm, 

-tAe | A |j „<1 , del (I - M( .o M k) ) ft ft ft J. ft 

1" 4^ , ££ fffj J F £1 u & w ( |6 'i + U 1 00 ; , fit* !■£ d ( M ( joj 0 ) ) 

r-^lo 4' M(jtii^) = U(jixi 0 ) S (jWu) V* (>cu 0 ) %—^ nT * 

K* 


t/Cj£W U ) = [ u l ^2 
V (i^o) = [^1 "‘2 


S()w f) } 


f 


*1 


^2 



J 

\J 


Ae^.,& (j « () ) = - i x. lUl - ^ 

ff i 

IIaj„ ci wr>To mm ,*!•&#« a(. o, 

det{J- M(>w 0 )A(> 0 ))= dftCJ- UXV * t, h la ,) = 

1 - «,* UZV'vJt, = 0 

StfflJp a»o " r 00 ), -S ^ to 6 

FOo 

(1) a.,) =0^00.^ I'iV^IPi;. tfW,A(s)aJi£^j 

a - r^i«r e n■'■ p 

<*i 

(2) 0<< Oo <®:i2 u, W It, Jt^tSnTJgst: 
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u l = [»u/> tU2^ Z "' u \pP* pl \’ V y ~ 


'°X2 e 


if 

-V :il r 7 


n*,u ]3 £j .el -u X j €2 j.#,.*,€ [ a 

&>0 ffl a r ^0,l£f# 

z / Lzj?* ) = o ,A \ = j, 

*~\ ll.-t.icvj "^\a,+J ohJ ’ 

Xt i = 1.2, —,yj Si = 1,2.-,<? J&tf.. ^ 


1 1 

au> = --; 

$\ i 


r a, - .si 
1 vn : _ ~T7 1 

O'I + ,s 


7J ]'V ; 


r 

i" 11 a + * 


i 1 


£7 


f + s. \ 

M li A il rc r ~ 1/(7 I ^ 1 2£ A( ) = -—- v 1 I o 


r| 

£ 9,2 

CO *t0fW 

fa; 

Cii) *f 0Nf A6 ^ „ >1 IA |U < 1// . £ £ fa *U ft & £ 

fa; 

(iiDtfflrW A 6 C* x * 0.1 A| < 1/y, £& £M*i ft ia 
fa; 

av)|M||^<r 0 


a 9.i 
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Desoer Vidyasagar[ 1975 □ v 

knT^mmm, k]m\\„>7 a 

iM4> .Watt's®), 

5iffl 9.3 e M€ ||M||„ > X.Mff tE— <ro>0,^f-fftEJ& 

»e LO.ffJ,# A 6 FL||AU<l//,fi^ del (/ - M(s) 

A(.0)ltttRe(s) = cr 

-ftt.iS 7=lo & T Me Jidt, & | MlU > 1 ,S£ 

#-&— o< «(,<*», f£f§ IliwC.™,,) 1 ! > i„ gift 7 , a; i<? i</< 

||M(>||) II ,WW& —<r„>0,tf 

min || Af ( ff + /ct>o 51| 5 s y 


j 6>0 j ( g( ) + Q ) 2 / t«0 'I CcT() + /3) J 

V o>0 + (^0 - ft ) 2 "V ftJo -I- (<r 0 - /3) 2 < 7 

7 i f 11 it*: cr ^=0 /?^0 ^i 3 

^c F ^LO T cf 0 ],lf 1 '^ M (a + j&j 0 ) - t_/2 V 1 %} — uf IS 5,)■ 

H= [ «1 «2 ■" WjB ] 

[vt ^2 ■’* V f/J 


i£ Ul ^ JMnilTJ8j£: 


'fll^ 


w i - [ w u^’ «12^' *" It i ] » 7.' 1 = 
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Jt-rt 1 , a^G-r. ftl v X3 ^:i 0), & 

&>0 & 

U 0 ,Z(^“ ~r W -°)= A 

^ l /?, + ^ 4 - jw I ' \ aj + <? + / 

M i = l ( 2,'",/i ,Sj s l,2,"',g ^iLo 4- 
Q[ ~ v 


A(s) “ - 


0 I + 5 


r- »- 4- 


“ * I 


A + 5 


+ *J 


&m. 


/ ^>0 ■ 
“f : - > ~2~ 


\ 4)0 + (ff “ O' 


2* A* = J 


/ <WQ + ( CT + j?j )~ 

■\ tiJo 1- { a ~ j3 } ) M 


Jffli 


R 


,, || ._. max, I a, \ maxy ] p 3 f ^____.. max, \ a t \ rr.ax^ \Ji 3 \ 

IIA||™ ^ “ :: 7 


< 


A(u + jm 0 ) = —I', W|" 

det( / - M(cr + jci)o)A(tr + ja j 0 )) = 0 
S)C i = <r + j«o det(i-M( s )A(s))ffi)--^»,^ 0 □ 


9.3 


H’giMIS A Wff^fSasSjEiW, (T® 
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w,Aw 2a 

^mrn 9.4 

ittH^pen ibitP ^ 

S 0 = (I + PK)“\T (( = I - S,, 

Jk 


Si = (7 + KP) J ,T, = 7 — S, 


r / xi- 

1 _ r (i + Kn) -1 

- ku + nx)-‘i 

L- n / J 

hi + nxr'n 

(/ + nx) 1 J 


sm^rnen J5tfc 0 



m9A 

9.3.1 Jta14^fllS14 

ftiaSSSTFisi/Ettnr iimteHEKiSTK}.; 

n - p + w,&w 2 

$39.4 ^11 = 1 P+ K 

f*im$K,3_&{stall w 2 KS„w- |„<i 0 

ffies :4- n=p+ H , 1 iK r 2 en,?(i+ Wjjcs.iv,)- 1 
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f (Z + KS^iWjr'S, -K5U/4 W,AW 2 KSj,) '] 

L(J 4 S„W,AW 2 K) 1 S„ ( P + WiAW 2 ) SJI 4 W.AWiKSJ 1 J 

dct (i 4 ks„w,aw 2 )-= dct(; i- w,aw 2 ksj = 

d cdl 4 S^AW^K) = 
det(l 4 AW 2 K5„W|) 

jawjXs.w,^ < i m, (/hisit^a) "iffw.u + 
A w i Ks„w 1 )-'e^,,i$.iL, i&|| w 2 k-s,,W\!L<1 

K(i + nK) ' =- k .%(/ 4 w,aw 2 ksj ' e 

A W,KU UK) <W,d-(i4 AW 2 KS„W,)-' € 

«®/hitiS3£S.'(x;3 II W,KS.W. ,„c! 

ftf A6^„alAj„<i C 

f"iS,«EE*|-#rtf a€ I A|U<l,Hja*aM^gf W, 

3-M<S|| w 2 ks„w,1„<u 

9.3.2 

•S^Tj ^ ® a*i $nT5Stt« 4(i m •£-ffii£■. 

n = (; 4 w^w.jp 

R’f 3 »W,, W 2 ,A6 <*=Y„ <, Jf ffe'JPffl 9.5 ®f/KMS@^SE.o 
Sa>.5 4>n=!(r4 Wi aw 2 )P:a€^„\%-^ k %%%%:& 

umw'mArtffrG Ae^„siiAiu<i 
«, ^ j.yx % | W 2 T ( ,W, | „ ci» 

c») *-1 w 2 t„w , 1 „ < i, jwi m a s as xt m & a e a 
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(i i i) m m Ti a e jtM „ n )l a il < i ^ £ sfc # I* £ * # ie 

H^ll ^Wl.Oo 

(ivXfcWSMr Ae -=VJ/ ,.,fi IIAII<l,tflJF*«tJEriiaS«fp 
®S«,M||W 2 T I1 W r 1 ||„<U 

(v)iffc#>,flS® P *J K ty&.&WUG&ij!), ,Jl!!j*t 0f# 46 
S-[|A|U< l, MfUflMlill. -i B. fc( 3 

I WiT^W i |,„ < 1 c 

ffi m : tr -% i£ m c i) n* w * # n # # n $ ■& s * « m „ « a 

I w 3 T„w t |„>i,jf!m«^ia9.3 1 »ttt*4&te«yE^^«j ff >o, 
-t- A t -Ji-Ji^ FL | A L < L, ffi ft C / + A W, '/’..W,)' 1 iE Wt 

Re( j) - <r h*T»iu 

(/ + EK)' 1 -- S„(J + ff,AW 2 7',) 1 
& tt Re( i ) = cr ±:% £ A , 03 %), & W lil j£ a, ft * ■© £ W ® & * 

mm s c ift [ w 2 t„w, [„*=:i *f 

JSMffifffl BT Jp, #-i± — -t- 46 fi. ||A|„<i, SlKTH 

1 6j#»±#®£o fist*** 
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(/ H- IlK) 1 = SJJ + Wi£W z T 0 ) ~ J 

s a -%,m s a p m k &&&> 

I w 2 t„w , H „ < i *f * tmse®* ® w o 

(iii)«if£H^#ftTaaa-^MI w 2 tjw , .. 

4e^. aiaiuci awfatu. □ 

©J 9.1 ^ P(0 - ",K{j)-=l SW|= W 2 = l„ K f£F 

wjg. sin* 


T - ——, 
0 s + r 


= i 


(/ + nx) 1 - (j + o) _1 = x(/ + nK) 1 = 

s i 


' +i i + -h* 

s + 1 


( / + nx) _1 n = — 


1 + A 


J+1 1+~U 

5 + 1 


_J- 

! i- +1 


<i,WJ^r 


0^i6CKl Re(s)^0, | T,(s)} = 

^ 0^.96 C ,Re(i )^0,A€ || A||<1,1 + -^-A^0 S 

Hitfc,A(o) = 

~U #t 




AU-) = - l + J^a n s K ,a, e K 
< -1 

RTBfa a,>0=. i=o = a )<: 0,jD± A(0)= -l.ffl 

#|A|L>1o A(s)= -l + a 1 s+s 2 g(sm&'tg( s )m 
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a^O tfltL , A 

d +■ nxr 1 = (i + Knr 1 ^ k(/ +- mo ' = 

s _ 1 ___ 1 _ 

1 + 1 j + 1 ^ 1 -* a L i sg 


( i +- nK)-‘n 


1 1 + A = _ Oi -*_ 

>' + 1 4 , _1 _ x 1 ■+ a I + S 0 

1 + i 4 1 A 


Wife,* finite’£&*£!£6«1 

A€.^,„,||a i |,„< 1o o 




9.5 4>fp'¥ e,iu jftld„ * 

as*,n= u + w^w 7 jp ja— 
,BJfF«a«lrt«i£t!feA^t-AArsff3- * &«■ *t 
fAAWTKA M#», i£Sfc£±&fla|? + tfiWJfJ, Jt-t.n 


- (1 + A)F - (u,.s- + s 2 g(s ))/.« = ti] + .m?( j ), ffil ® A i - 0 ®?H ii 

r o a-5fts in ja a » «, ^ iij m * *> a & a a m 

a j* w ( bp ti hr %. m f # « ± * & *: stw «? a /S *t sj).. sfe j? w \k 


9.3.3 

f£#*5—i"#JT ,■%& —T-&® 9.6 Mi£W£'£/®H^SE4!i 



a 9 6 asdsb r-amsst 
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sa 9,6 -$• 

II = (M + A M )-’(jV + A. v ) 

p=M-'N),K«»saprti 
So SjJC A: = [Am A m ] c . Mffl ff M HttfBtT ft II A.U < 1 MS 


[*1(/ + FK)'M- 
L I j 


3iS5.io,eajF;RSE*ftes«3att.!3 

((N + A n )[7 + (M + A m )V) 1 e (9-3) 

Kf?ie,OVU t- MV) 'e^«,fe5t(9.3)j£tf.,a.R 


(2 + (A^-L r + A M V)(Nt? + MV) ’) _1 € ^--¥, 
Wg/>H(^Sa,±iC*f0f-fl |a(„<1 


|ru 

Ly 


]« 


NL/ + iVfV)- J = 


[f] 


a + pk) 1 A-/' 


,1' 


□ 

3fe(El», fig# iEE # II a !| i , ff| ff. %gg J6JSS W fB rt & 

SM.SiUXSi 



l + PK )~ l M 


< ] 


9.3.4 £&*&#&&&&« 

* 9. l ,6^T ftMfiSTf 

S 5 , n * ^ % S ^ , p e n * te » , K « 
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r&m 9 .i 

^ 9 . i 

W Safest fi= (i + WjAW^p ft,Sf®!(HF)0-jx^T-Sr^ig*fi4' 

P A =P(l + W,AW 2 )©^T#ftA«lliumM*#$SU aww 
«®*rf m^m^mri ia^ftts.'efi'jihSMfflS pa +■ 
^,aw 2 )-’,/4(/-4 w,ah^ 2 ) 'PWfi'ffi®, s®*asx^eiM 
,i#$q * TStr^# .^-ti-E^-fftt:^.;’*ffl 
By5#'?)f^MM#S*'ft?ISS:MfSSj!(i,F)i!4* 0 
tfeJSLSa 


*9.1 'i±»& 


W t c- cV^„ e ^ AC <=*^ „ | A |, % < 1 

n 

ft&MJ A $ 3? # w- ^ 

5!J 


(, I + ^,AW 2 )P 

rhp^jft 

E Wi'l\W,f j ^i 

P( / + w t a w-j 

rhp ^ A 

1 W i T,W. i I 1 

a ■+ 

fl£fe # Sfc A' /if rhp 

&& 

!l W.S V W v '1^1 

P(J + WpAW;}' 1 

rhp 

j 

J W 2^\ f , : : I 
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f ^) 


£ ^fcJf„, W 2 € ^'=4 ,„ A 6 cAWf K 

H-<> 

Z 3 + W t AW 2 

rhp^A 

1| W 2 KS„W, H^l 

p</+ VV^WiP)- 1 

rbp 

S4A 

|| W 2 SJ>W, ^<1 

(M + A*,)’’^ +A jV ) 

P - M 1 N 

A = [ A sj A iVJ ] 

*5fli£*4fc£ rhpfi4A*t^A 

!!']*-“ 'll* 1 

C-V + is-XM + An)' 1 

P - iVM " 1 

A=r" v i 

L Am J 

«,&■&($ ft® 

rhpWtAffl^^: 

||'w l .y,Lf: /]||^ci 


6£M#!|7-4 i «I nf W#SiJ w ,*a 

® ttxt A M »5R # * PR »J s fHM i£ * 4=-¥ Ws ffl W ^ 


W9.2 

*£ : 

p * = |r i »kj| 

^Pi'TqePAt-ft^TOftii.i Pj = ^T €Pa5e * ¥ 
*-& 

p a cn : = |p(i + ^p)- 1 ^ e ^ m ,Ul, <. i! 
Bites,- r<p p=K o 

® 9 . 3 HS|? , #®SnT$feXif#Mj|-^ : 

J + 1 + O 
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+ a = o mf* 

tr-¥¥®*j£,ii5^ « = -2 


5 * 


l-J—fl + -21. 

ii + 2r « + i 


F 4 cn : 


IflJ, 


O 


93.5 

't-feUsttilfsiMo WSn.fjtftffi 

its,&£«&;*&,, sja.inai9.5f!ff7j<«i*tiJi(iij*eaaiesssE 

^IIa!U<i a-su 

lo T ra . = T„.ssc||T„ju<i,3a(s:^ 
sup fl^^, lfi| 2 = ll w 2 T » w 'I-<i = 



18 9.7 

**±., s&* ft #* # -^re » a? ms #: xmj « 

££+-#*#*6. 


9.4 

9.8 0f/T69»fii«IS,^«4fttSa!ffl*'g- n SS 5 
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asfiTM <•/ fli f 

ffl 5F * Ifi) IM » * * 5 S , I V ¥■ Ji & » « ft =E ft it ?£ « a 

WtttB My +—# >f> #iS „ 



®9.R #«H?i:ie3Hrtt8iM 

9.4.1 #®^ 2 14#6 

Hr.Kfift ^ 2 fcmMV-n.n 
uV«>|£SS:®M>P9ISftjSSEKl =# 2 
f#^,0F3E ; i#tii'>o w,w 

=* 2 ffi$t3fe»i£tfcjfj 53—75- 

^ T^^S/jK-(p-^-i3 fn*- |5]$f#&SiP£,MI 

T *i = w,(i + p a k) 1 w d ,p A e n ( 9 . 4 ) 

sup II T,i || 

'Vf" 

3%W4fc##r ,s£iB—'HjiitafSr.-.ft:# w rf = i, w, = «,,,*> = /..a 
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n = | (1 +■ ) P : 8 € ™, I 3 I «* < 1 | 

&i\\o k 


.up T* 

r ( fn 


= sup 

<M 


UL>£ 

1 1 

| 1 + rw t 5 |, 

| 1 - 1 TZJU t 1 I 


+ '1 r-l-£ 3 


o m,*# effete# 


9.4.2 *ff«m*tt«SJlHtW&# 


-Fife d 

sup II e II 2 ^ c 
jII ,-=.1 

x^^h# £ #:£□ ilii#j£iB^ etWiSsm^Abjaft w,>,* 

ll'^L Cl.VPj 6 n (9.5) 

m,w mm #.,—'Midi £r & r- «#tf, ifmjtte* 

a«aw#tffi*JiimM*if. attssaBraa^ 

n : = fU + W l AW 2 )P : if ^„,||A|U < 1| (9.6) 

9.5 *S» X-f&ItJtS 7 ! 

T„J = W'S'd f W, AW,T„)“ 1 Wj 

il w 2 T,w, ip^i 
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I'-r^L < i. vac I a ||,„ < i 

m wmm # tw *m m 0 

#.**?>*p,m 

k ®^#s miMP 

ia9.7 a p A e iu + w,Aw 2 )p : Ae^,xiAiL<i|iit.ii. k 

m r .mtuTf'i&ttz.-m&w 

a, 

»(ffi)s(ffA) + a(W 1 )s(W 2 T,) <1 (9.7) 

(ii)*f^ y NSW <u 

efWr^JffC W.S.W.,) + dr( W 2 r o W,) < 1 (9.8) 

K+’.W’i * Wj fga*Njj£fl5,/f(W r 1 
iiERS:*^S ) *-f4 ; (9.7)ffi*f+(9.8)±Slnr'(SHE | WiT 0 W r ||„<1 0 
$CRfflvERM 1||v a6 , Ia||„< l gpnT:, W&.MM 

®*5^«.,SJaL 

i(T„i)<ff(W e s,)ff[(J+ W 1 AW 2 T 0 )~ , ]g(Wj) = 
ff(W,S 0 )j(W rf ) 

<? (7 + 'w,AW 2 T 0 ) '■' 

g(W.S„)j(^) 
l - #( WjAW.TJ ^ 

ff(W,S 0 )a(Wj _ 

l Tr 5(W r 1 )ff(W' 2 TJ^(A) 

itt&ft(9.7)£0rff«'4X,*f)!>fW Ae^«Sl|A|| ra <l -(SitEr 
w, fa Wj i'snsadjis 

T w = W.So^OV! 'ffj-'d + AW' 2 T,ff 1 ) 1 (W, 'W d ) 
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aiW^W^KiWx J VT rf ) 


1 - &(W 2 T 0 W t )c r(A> 
Nj)t*tll^fl 1 (9.8).a(r - }Xl L:,Xt0rW A€^w/« 

&I|aU<i ^i D □ 

a 9,2 

W o C 1 


ft 9.3 tsuc w, 1 w rf )^i(i»j£ii:— 

IV, = w,( f )l R Wj - 


ftta .(WAffiKI 


<7(W,T„W,)<l X^&*£«£t*J&'J£®W^IM+c HUt.ffiSt 
9.7>f«fc#(ii)JL¥aEil NP + RS^hHT,EP RP JlTBitl NP + 
RSiSEET o iTRPlftPltSNP+RS.ft^NP + RSssRP^tfci 

'il#it> 0 tU 

^MHuma NP + Rs,tttfi,ie»a*ste:^ft(u;L?-^t(i-T- 

a 9 .4 ^:*sai®ig*#ta3ett% 


n : = c/+ w d A c w,)- l a+ w,iw 2 )p 
A f |L<i li |A|„<i,Sns 9 . 9 /pf 7 p,M#®t hit## 
9.4 <f a—ftWSl 



ffi9.9 

















268 


Jitt£7/^bJiit£duxn/vib^ 


ms,rm>m^ 

a9.5ai*ai*r Wi « r^niia» 

T„> = K 7 ,S„W a r ! t (lP l ‘ l Wj) _ 1 Aff 2 T„ff 1 (H'r 1 ^)]' 1 
fife *t##tt S6 ft M—I"*# &ff W rt 

<P ( W.S.W^ ) 1 t(ff,‘ Wj)o( Wy-f^W,) < 1 

9.4.3 

sa& % it*: a# 4 tt m is is w m $t , bp jp h je «tt se * a *g 

|uH4B5t«(itte^0Eo Win 

n : = |pu + WjAW 2 ) : a e , ||a||„ < 11 
9.10 ffijjk,, 



=r 5 1 

ll W.S.WjII^ <1 

t^= ff,s,(j + PW',A W,A.S„) 1 W d = 

W£ c Wj[l + (W- d i PW 1 )&(W 1 T i W t )(.'W~/P'Wt)- '} ' 
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T«p- WA»'j(»'r«'j)' 1 U + ( w, l PW i )ACW 2 p-' W 2 ') * 
(w 2 t„w,)] l (W{ l Wj) 

S89.8 a P a €H= |P(/ + H , 1 AW 7 2 ) : Ae^ < . , ||A|U<liS 
KffiPrtW®,, a p,Wj.Wj.fp ■ jtjEnwfija*,, &T55& 

i(WJ +■ K(W d l PW l )a{W 2 T i W l ) Cl (9.9) 

(iDSfftf-f'SW u 

k( V^ 1 Wj)a(W,S„W,.) + #(Wr‘PlV,) X 

o( W 2 P 'Wi i )a{W 2 T„W i ) C 1 (9.10) 

«=* 

s(w d )a(w r s„) + a{pw l )9(w l KS„)^i 

f&lU. 

39.7 - KP%sm .mtefett 

is&ttJMAtti l„=fk »aa- J giig» ! a#mawRiis 

# * *1-« m ., ag ts w hu®, h* , - tea*, pk ^ 

<? 

ffi&S orlal^ £<, w, = i , w d = i & w, = 


0 #a Stem ^0 Doyltf 1991 
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P # "Jig ft. 

WJ#1f tetg£f4(9. 10 WiE^ 

a{W t S a ) - K{P)o(j» t T 0 ) < 1, V w 

ms 14 ffi .* W & ft JBrrttJgrt*-® #df» flf fis s W ® = 6 7 

K (r)>) ,mm ,mitt$\nmfsvmtmm 

&o —$ n.3.3 r ' : 

ft 9.9 fSiJi K *5IjS(Ki.»iJ f^BTiH* 

fj = W,K~ ‘(7 + T,lV 1 iff ! )- | S,Kff J 

jann ,ffi® w, = 7 , w d = w ,i , w 2 = i , j*M e ^ „a—- hfe; 

K(K) ff (S,tr s ) + od^K 1, V(B 
i&. l ti,aa, K {7<‘): =a(K)a(K Mo ji^ffrT}EfiA#-|4Sffi 

mimo iniBna®a-H-t6.^—*(q«,ii 

NSSftKJgaitWffi 

^ MS ^: SP It- III rJ* ig iT — 7 K-4i fcTt ik. fa'} 

«: ft m ts X =Fn % # £ S tff flf w e S «S * « ill.. taMoi, £- 

^iSSnffl 9,ii tn n 2 £ft;n r /j —7 

B»: 

n, : = | P(l + TO, A) :A E , II Al| „. < 1 I 

n 2 : = 1(7 + -w,A )P;if <A’=V„ , || A|| ,* < 1 ! 

(ssp*st®ki.jiiii 

ft2 3IIiS I ui, I I kj, I <f(P) V rw 
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m 9.ii 

P(l + w t A )^(/ + u-,PAf _1 )Fo 

0J ^ #T m & ®J $} f£ m . lit T Jpt £ # ^ -15 [ FtvmkZm, Powell , Work - 
man, 1990]* ft ,ftB9 9.12 Ifi] 

tgftl 


" - 0.2 

0.1 

1 

: 0 

1 " 

- 0.05 

0 

0 

0 

0.7 

0 

0 

- 1 

: 1 

0 

1 

0 

0 

. 0 

0 

_ 0 

1 

0 

: 0 

0 _ 


1 | * C.V + 1)(<T- 0.07) 1 

a(-OL- 0.05 0,7 (s + !){.( + 0.13) -I 



^ 9. 12 &PrWi «M=o{P{}<»))! ? SF{j<»)) 
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R^,a(s) = (s^l){s 4 0.1707) (a+ 0.02929). 

w %\d £ij* me 


&m 


G(.s): - 


- W 2 T t W t - W 2 KS v W d 


W e SJ>W, 


rr :k:j 


WA^ 

(/ + PK) '[P 


rw, o | 

1-0 wJ 


S MtttgtB#*# ||G(,)IU 4'o ¥35_t, ¥ « 


|G(.-)||„*ft# Ti,KS„,sjp *s„ 


5.5 tr+ffWifeaW,«iJ2WSitE3 
»o 4¥i‘A¥^«^S3i##pj,^E(Sj|t#!iaf,5ii;3£_§;^^^ 


9.5 

*=fr # * m, & a & a ¥ m & x w m ^ « m w « & w a? 



Z(s) 


- 





S±^MiPS^*gta P(s)= 
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flMfc#-.*. L(s) = *L„(0 . 

L(s) = i max L tl ( s )» L(s) = ^ 

s* raln #» L(i) = e --' ( ‘L u ( s ),f I , j „ 

# < *JE M , W*f L ( j ) = <■ " L„ ( s )* L (.V } = e “ X 

^-lj( S fttl j ^ , — Jt 

9.13 0f/J^W?F5f^g£ Nyquist 

a, k , mx * k miI hi jsnt;& a # si) i#in * w w ^ &. 3 i & 

ihi&*&£,> 



B9.13 


ftiEflJJHiifei&ffia —#r ,sgjg—-^fg}.^ 


K„ 8H> L = PK a#is—'t-fSfflfS 





1 

— < b < a 
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&m,n = = a , ^ mlll = - Jt, = silT* j + ] ) = ! # 

Cii) —< 6 <ct ^ ft—^*a 
a 

k min = ^ -»■ “J , k mx = ab a 2 , = - K,i m „ -*• 0 

sptl &»,*# A** sp >5H£;t W /Js o 

(iii) — <b<a #116^—ijttW 

« i2 

*™n = l.*™x = < 26 -^ 1 ,^ - ^20 

ffi 9.14 M^T* 

a = 2 f A = l,6 = l.9& 6 = 0.55 

#ttnri6^^«F® 0 0Sin, "TftJi— 

^ ™ n < fl" ’ A ma * > a ’ ^mln = - K,$ max > I? 

fi^Nyquist^^pnlff ( - l,0) o 

K. , = s + 3 ’ 3 ~ s + 055 1 - 7s 2 + 1.55 + 1 
* 3*3, + 1 0.55, + 1 5 * + !, 5 , + li7 

9.14 

^JE,-^E*iM 8 £ k = i 

Nyquist “1,0), 








http://vib.hit.edu.cn/vibbbs 

- 275- 



g] 9. 14 L± Nycjuist 1.9(£g£), 

*-o .55(&mm&R 

9.6 MIMO 

mi- 

mo mm ® u, m 

®$»a t, fa T 2 ,mm 9.i5 mm, * ws^is 

acJfe-'MTSfcno .r.j.fa * 

; 2 = /i.w / 3 , fPa.zMJSSijitsfe^flt^-fx 

W;y»[$*589:,MS!$Sff:£Kj Euler ^rgSTsCS&iH: 

Ii<Wj — W20(It — /$) = T] 

11 ^2 — (W iO( 1 3 ““ I , ) = 

5gX 
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r««i 1 r o 

a 1 

fa'll f«il 

- dj 2 -* <- -' a 

(J 

LJ + LJ 


<*, *n «2 

rvi 1 i r cos<? sin^ir^ii r l «ir fy il 

LJ cos^ L — sin# cos# -I L aig -I L — a 1 -I L ^ J 

nd; = a( yi ft y 2 X , $L T 



^9.15 

y(.o = p ( s ) u ( s ) 

*dU i£M 

P(,) = ^f s - fl2 a(s + p 

s + a L — a (jfl) s - a 2 

estesj# 

u = Kj r — y 

Jt* 

Ki = _l_fi -«i 
1 + u L a 1 j 

»4B 9.i6 ^ffira^teaasscifeTiS&ffj: 
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Yis) - 


-sc >•> 


S 4 


s = (^p>-‘^7Tt[I Vl 

I r 1 a 

T = PU + P)-' = ~\ 

j + 1 L - a 1 


HU- 


BB9.16 

.1 


- W*90'#i93fc«jE 

^tnS = 0 - ^max^ M a 


>■] 



/* 


U| 

Mi 

——q 


•o 


BH9.17 «mt—Maj»»^sf 
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1 <s 'L < 


- = i 


T^T-' 

taif». i„ 

® s, % w1-0 espi B=t a St, m #*® it «?u^ffl a *, jfjb t 

#li—-Mtuftl 9.18 0r 7Ftog%tm&&i,BSi P±-(1 *-a)P,K 

" <5n ^12 1 

a = e <*■=¥. 

^2, 0\ 2 J 



*-^2X2 HaIU <y« T*.#ng/J\jiissif 


= ~^== «im *-.>}) 

V 1 + a 1 




A - A, - 


*n 


e z 2 ' 2 


umw—raifw A.iawifigtasg 

ii ‘ 

^ii + $22 + (i + a 2 ) 8 1,^22) 


det(/ + TA rf ) = --.-i--_ (s 2 + ( 2+ 0 ' n + 5 22 )j + i + 
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2 + $ + $22 -^ > 0 
1 + <5hi + $22 + (1 + tl")^li<5'22 0 

S U = - ^22 = J== 

V 1 + ti 

W,*8E*^:«i3EW« ffl 9. 19 grill T a =5 ufWaSttES.-E 

«»5 

W.iaUBtt##®)***, S4’W®ft£S®iM£.Si*affiT(o,9), 

siso^ra**^ MiMO^SEftf nTII6#ttA 

MiMoiS. 



E9. L9 a=5 WMaiSttEW 


9.7 

@1 It ;5fc H & Zames [ 1966 ] If! Hi (Hi 0 Desoer ^fl 

Vidyasagar[l975]^J^f^1 I ^^T^f^^S^^r^^^^^^ 
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Doyle, Wall m Stein [ 1982^ XWi* ¥ VI Tififc ■ Kisliore Pear- 

^n[i992]gfri£WMwm±MMm^m&teM^wmfemn 

Ti 19 m F an \ 19951 * « tfj T # ® i£- & ftl fll r o 
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^gfriS— #Si(i9*gWM» ; ^+%:fr5^'£#i(LFT), : mw 

10.1 ^tt^^^(LFT) 

—Hein 


c ^o,w F(i) &ojie* 

F(.o = a + (Sfd - rs )" 1 
*f*4S a ,pn yectftic 
wrgij^i^jpSo 

SXio.i 4- 



-t A ( 6C'^^,» A„€C«.*'.*^*fftM-1'3(*SI^,!MI rffli(4® 
Jt—A; WT LFT 8**1 

Fi(M, • ):C’ 2 *'’> i—- C'V". 

K ® M (l - M 22 a, ) ~ , 5PJ 

Fi(M, A/): = M„ + Af 12 A,(/ - M 22 A,)- , M 21 
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-fcnStiltiLX—'tZiT A h ft Ji LFT * 

f„(m, - i—► 

F„(M,A„): = M 22 + M 21 A„(J - JVT, t A„) ’M, 2 
Util LFT *W*EE M»2j**t*E*= ■®PR±LFT»T LFT S 
F ( (M,A,)fH FJM, AjfcLfr&ffl 





aa w ffl */i> sn T^a ffl: 

f*‘L f M “ Mi2 1H 

kvi J L Kl J Lm 21 m 22 JL H| J 

mi = A^y t 


m[" 2 1 = 

rM u 

M 12 1 

[ M 1 


Lm 21 

mJ 

L UU2 J 


u 2 - 

fjm , a,). HJfc.rtGiii^rSiHBra.FAM.A,) 
a -1- s» * a *-ifc btf a « b?i & m -& w w m w a », m u *, 

F. (M, a „) a - -t* *ff & a Jr# ffl _t ® ft 0 & H -g- W % 31 69 £ ft „ 
^3Rf#«T,—LFT LFTfnT LFT, ft fi 

is® rt # ft a e su'&fn„ a * a Afn nj unstiasw-^ * » ft 

L M 12 Mu J 

* F„(N,A) = F,(M,A ) 0 
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fi *, # at¥ « fff m , M T S 'i- £& S2 M W 'M . - W M ii J; it 

SS*, ^'f-J/tl f,(m, a)(s£ 

F„(M,A) A 

LFlXMft F,(M,A)) «|-^-#>fl»#a.F,(M.A) -fr- --t-to 

#«& ft «„ #n.»A»fM=iffi m u .m 2I m m, 2 «ijs*fe 
fr£. lftsJ- 

,lft wttascA^asw.r.^fx m * -jhm 
f?&£l$,JiWjlt&tiSiy±5£jm LFTf^fi^m a., i-- s, £ 

™ 2 i— * 2 

F I| „ 1 = F ; (Af,A,), r s _„ (1 = F„(,Vf,A„) 

aa.jw miiU6giew*,A ^vaM^M^mmT-rn’m.mxfxM 

esiiSo 

10.2 £(/-jW 22 A)5T@,«IJ-1' LFT F,(M,A)ffc .&£!:#£ 

a—aw.w* fittest 

AjR,9F?E—'M£I£ 

LFT fttfi ,^-3^1 A —t- LFT..ft IK £ 

BUSTWjSffitt, ra#,®M®J4,X^HSSs M,F,(M,0)*5i)£ 
Wo ft ft *; 4 # a tfj eft a ^ flS ffl -£ ^ ® 41: A m ft LFT.-, 
«&./(£) = 1 IS sfcT<S-tifeT5 m LFTo 

(A + BQ)(C + DQ ) -1 ft (C f QD) 1 (A i QB) 

zimio.ua cmi''J3»«,h 

(A + BQ)( c: + n Q) 1 = F,( M, C) ) 

(C + QD )" 1 (A + QB) ---• F,(.Y,Q) 

J L 1 1 1 
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F' 

B - AC~ l D 1 

i - V = 

i c ^, 

c ",] 

L c -i 

- C _1 D J 

Lb - zx; 'a 

- DC 1 J 


M = 

SI a 10 . 2 ^ F, (M, Q ) £ — ft LFT fl M = 

rM n M 12 ] 

Lm z1 m 22 

1* m 

F s ( M, Q ) - (C + QD) 1 (A + QB) 

> A = Mn M n ,B = M 21 - Atf 22 M{ 2 X M ]lf C = M { 2 ', D = 

-m 22 m 12 1 t sij 
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0 
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-m 2 Vm 13 j 


fA B1 

Lc dJ = f ' 


j 

Fi 

r o 

0 

M n 

0 

M u | 

/ 1 * 

i 

L- i 

m 22 

0 J 

j 

" o 

m 12 

Mi, 

F, 

0 

0 

I 

1 

_- J 

M 2 2 

M n + , 


,E 


























JittgT/vibjhited^n/vibbb^ 

285 


LFT F, (M,Q ),*i£ M,,i£JB: JVf 12 ii[^ 


!lZ>S*>/|t¥W^i£»;Rjit,_h34«-t-^-2rS:Br*WI®14 = 

SttsC, jffl,*-JglS#SI-&iEfi5 Af«# 

(A + QB)(I + QDV' 

(A + QB)( l + QD)" 1 = F,(.N, A) 

SB 



■ A 

I 

A 

= 

- B 

0 

- B 


- D 

0 

D. 


ftSill A Q K/MfSo 

SdT?iamST = 

3 lffl 10.3 t M,Q&G 


», \ Mi> 

M, 2 -| 

ro,. 

Q 12 1 

"A 

-Bi 

b 2 1 

M = 

Lm 2[ 

m 2 J ,c3 “ 

U;, 

L G = 

Q22 

C x 

Ci 

On 

D 2 \ 

d 12 

D22. 


(i)F„(M,A) = F,LV,A),Jt + 


„ ro in ro ii rMj; m„ 

N = JWI = 

Li oJ -i oJ Lm 12 m„ 

SS,#.te®^W*SSt*ir MftliV W#SStffiEC 0 EMo 

(ii)®S F„(M,JeLS/e, M 22 1 N F„ (Af ,A) 

A w LFT 

(F tt (M , A )) -1 = F„LY,A) 

N tfeTiSI&tii: 


_ |" M n “ MuMa-'M,, - M, 2 M 22 1 

L M 22 ‘M 21 m !2 ' 

(iii)F„(M,A,)+ F„(Q,A 2 ) = F„(.V,A),K + 
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[Mu 

0 F 

Mil 

iV = 

0 

Q,l 

Q,2 


jVfzt 

Q 2l l~M 

22 + &22- 

)FJM, A t )F 

„(Q,A 2 ) 
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ii 


"M n 

M 12 Q 2 i 

m 12 q J2 ‘ 

,V - 

0 


Qn 


_m 21 

m 22 q 21 

M22^22- 


r Ai 0 1 
,A _ [ 0 a 2 I 


,A 


L 0 


°1 

a 2 - 


mmwi&h\ a 


1 


F.tG.V 1 


l^ f 


■JQ.&i) 


fNM. wSUWHfeSiifeTsS&ffl: 

F; ( F„ (G , A,) , F„ (Q , A 2 )) = F„(F,(G,F„(0,A 2 ),A 1 > 
F„(JV,A) 



A F B 2 Q 22 -t-iC 2 

B2F2Q21 

B[ i - £> 2 (^22 Di D 2 j 

JV = 

Q.2/-.Q2 

+ QnLi D22Q21 

^ 12 ^- 1-^21 


_Cj + D12L2Q22C2 

D [2 L 2 Q 2 i 

Dm + DxiQn^D,] 


M L,:=(/-D H Q!l) 1 . l 2 : = (; - q 21 d 22 ) 1 , & A = 

[A, 0 


- 0 a 2 j 

seW: lft 

To n 

lft.jwjnu* 

*SE»#jR-(6.Jl«PJ3EJIW LFT. 

■swsr'w^wsre^o aifiawts-tfeMT lft- tejbEjio it'Sffi- 

T LFT F„(M,A))W#^*^«^ai% A 
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LFrw^StffeJSMo 

SIS 10-4 ^ P = f '^' 1 P,2 ]& K 

L P 2 i ^ 22 ^ 

G = F,(P,K),m 

W»P«K l&jHMJJ. deta-P 22 K)(oo)^o,MG' &J@uF- 
JWJW. 

(b) *p 12 « p 21 * f,(p, 

K 1 ) = F J (P,K 2 )ffi^- K, = K 2 , 

(c) ^P W G £jEJ«IW,detP(°°)=pN),cl e t(p- j(>) 

=£o,p a m p 2 i&^r^a.»sji-f-^ s ofjja,jaij k ftjEflijew-B. 

K = F U (P~',G) 

IE US; 

(a)^F,(p,x)«i^jic(sSiSStt*#)iegarw 0 

F,(P,K,) - F,(P,K 2 ) = P 12 a - K 2 P 22 )-‘(JC, - K,) 

a - p 22 k,)-‘p 21 

nmw&m* 

K k it*iE 

JS'JWfiPflJo 4-Q =P'',E3j*7 detP(“>)^0,iBr£fiiEji!!lWo 

K = F„(Q,G) = Q 22 + Q 2i G( / - QuGj-'Qu 
a— ^ife^fidtJgMWlEJsirJM.B*,* 5 = °°, 
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F,<P,.K)-|fe*fir£ffl: 

I - P 22 K = (l - P22Q21) ~ P2iQuV(l ~ Q U G) ‘Q,, 

= P21Q12 + PnQnOU ~ «ii«) 'Qm 
— P 2\ C F ~ QjlG) 3 Ql2 

±n&mmr PQ = n*tmm®mM» i o,y= 

P 2 , -i J 22 f J ,y.P ll> i&det(/ - P 22 K)^0 o ^fW,jiiS5t- LFTJij* 
iCftA F,(F,K)^.*E|l?ffl) F;(F,K) = G c 

□ 

a 10.1 m\a%Wfe%m&nT lft^^w 

m k,®» g = f,(f,k)o % 

gtAasw, 

ttmn. 



[;]-<■[:]• ■-*- 
= F [ (P i K)uL' -- Gw 

Slit* 

[:]-'-'[;]• 

^ = F,(P 1 ,G), 4 #K=F,(p , i( ;) 9 
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10.2 ^TLFTKM-T 


iyT#tr* 

wzam lft 

&W3t 

e mu w *st^ * ■-'hh *ja » n ® m&& je a s ssc „ fl*j $n 

pi S) - a 0 4- « 1( ? 4- * • ■ 4- a W £ J? 
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0 

0 
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0 

1 

0 

Q 
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1 

0 


LFT a , 

/> ( <?1 i 1^2 ) — «[f?| 2 + a 2 Si 2 +<33<5‘i( 5‘2+ £i 4 < 3 * l 4 - a 5 $ 2 *" 

M 
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0- 
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4'Wp aa.ft/j a 

$ sb , & «iiafei® g ife s, sp ffl a m, *t» s jr # m-t-« 

^s: t,A »*/]' 

^mT-noes! 

sK# n-d 

49gft 

LFT*&«*3-(s|T,#jg—f-^ajEFf gftC^&Ji 
iEJtttl to ) F($!, 5j,•■■•, <5,„ ),*££ jjgj£U.^-# pg-ttt: F (0,0, ••■ • ,0) Ji 
flPBWo ^ft,F(3 1 ,3 J ,-,tf„)nr»Sf^->h^(S 1 ,S 2 ,.- t 
OW LFT(*» S , UTtBSUtM),, *jtt,iE 


Fca l7 a 2 


„ , N(8 lt S 2 ,-.S m ) _ 

°’" > d(S 1 ,8 2 ,-,8 m ) - 


N(8 i ,8 2 ,-,S m ){d(S t ,Si,-,8„)ir l 
&&,H(8 1 ,s 2 ,-,s m )%-gmmfcgm&,<n8 l ,s 2 ,-,5„)fe 
-'t-fct&mgmiUM.d( o,o,-,o)^o 0 n% idi 
& LFTiJS®, <^(0,0, — ,0)?t0,IEjlB^E^la 10. 3 TffSW 

W.JffcW dl MiSitfi— LFT» ST LFT LFT,lS 

Sife®,io (S£t,_ti£ LFTifi&ftiisjJKiEji — 

^#si —lft 

, S tfcgjfc W *!»;#»# w 

A„ $£n, 


/(s) = rr§ = 
as 


f(8) = F, (JV, <SJ 2 ) 
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~g \l - «/ ] 


N " l 0 - 7 | 

_1 0 - 7- 


k&^iissi 

mm lft * 


.£ ~ Aj~ + Bu 
y = Cs + Du 





G(s) = D + C C si - A) 1 B - F l( (i " 

Lc D 


ft A = -/.Mjtfc'ffiitel^nT^^ 

5 



S—r-rt--Bfr!K 3 S$|Bi#ffi^aw»tfflcWHl 2 -D(“S, 

MD)F.a ; 


JTiC^i + 1,^ 3 ) — A 1 .r J ( ^ | , ^ 2 ) + A1 2 %2 ( ^ I 1 & 2 ) + B! M { & | , & 2 ) 

A I ) — A2 J](^| f ^2) "*‘ A22X2C k ^ , k 2 ) + B 2 u( k | , £2) 


y(& 1 > ^2) — C l x 1 (k l ,k 2 )-‘i‘ C2-r 2 (k 1 ,^ 2 ) ~ ( k 1 , £ 2 ) 

tuffl|w|fWtrS;,ft 



am*, 
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pf - h -j inTMi^ sr j® o 

St-'MtiH&PP.ft F«^'iEflirB«¥Tf4>cie*fflaT: 
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s a,s-* & jpf -m « §ij & & m. * bi * a, w *t --'h £ * ^ m, 
flsssis^swspnio 

w nr w, be «m* p$, & bi a ^ tas - i- * 

i= eajf5E3fe»,wfl.fir^rffiM.^niwR 


W = / -V 2 / z -‘/a + z " 1 1 )" 1 -121 = F„(N,s ‘/) 
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- 1 
M21 


-421 

l . 




G{s) 


[ A . 

l. B l 

L c 



F„(Mvi;) 





G(z)= F„(M,^^lj= FJM, FjN,z 'I)) = 
F„(M,z ‘I) 

aa 

~ r- (I - A) ’(/ + A) - v2(/ - A)“'B 
M = 

. ^CU - A) -1 C(1 - A) 'ij + D_. 
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0 


-C 2 

0 
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0 
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*& m a iw# m «• aw s se, sflm w— & % m 65 ® */» w 
m.fc&m%t%mavmw .mm 10 . 10 ^. 



a io.i g*/#*/isftigsssa 
*geii*S3rlSBT»*£35 
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W LFT: 
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0,1 

m 
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G${ s ) 


A + 


C + 


i ' * 

XI^A ! R *■ 

j I . = 1 

t k 

2 8fi; DtS * A 
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as Aj,er’ , ’,B 1 B i e w x vc\ c, e :=">*" »D,D ( e 


cco.'tfty q» 

AACJD 

turn s,e[-i,iimm&tti. 

a,,b,>c,.si d , efnsefer® it^ig 
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r j Vl 11 M12 1 

- r ' < L, l «p<> 


b 2j c 2t d :2i d 21 ^i d 22 ^ 
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D 22 = 0 


W k ] 
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Z*V 






rMji M 1Z i i 
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a—pr®jfet“4i * 
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ESI 10.6 ittitl A 

FT W a S UU-.^BI o A/«5 fij ^ * 


a + b($2 *" cSrS, 2 
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* Jnffi 10.7 0 r* o 
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jaa p mK 
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S (P , K ) : 



S(P,K) 


"A 

; E i 

P 2 






TA 

: B 1 

& j 

; D u 

d 12 

= _- 


-^2 

\ D 2 i 

^22. 

Lc 

: D -1 


SM 

_ A + B 2 P ^ZJj^nC^ ^2^ ^ ^-'K l 

“L B K1 P-'C 2 A K + B Ki R 1 D 22 C K1 _ 

B= T^! + B 2 R~ l D Ki] D 2l B 2 R 'D k12 

Pk.P l P^2T Pk2 + PkJ P 1j D22^K12- 

£ Ci + P>i 2 -D K11 P 1 C 2 <Di 2 P 1 C K L 

Dj^2iP 1 c 2 Ctf 2 + D K2 | p 1 J^22^- , XI 

— _ B) n + D l2 D KU R 1 D 2 i D^P^Dk-^ 

D K2 |P ^D 2l 0 K2 2 + ”^22^^12 

P — / — £)22^K11 tP = / -' D^ n D 22 
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10.5 I## 

7(t#W ft 9?®T Packardf 1991J 99 itt® .Dovle, Packard .5-15 

s£®:[i99i]WS:* 0 





Jitt^T/viWiit^d^n/vibbb^ 




ft mx # ft # ®j » © »ts. m e « » w # # e ti« m * # * ® & 

So lpt ft a w r * ^ # g ft *s 

«,iiftftei**3i5a#^iSi'n]e.sjt-#)L/:4, J i *sftiR^«,ffl 
&, -b'fn *r b-j* f a»sp* oj fs> # ra m ft & w g s? ihi s® # f; % s „ 

fio 

ft, s w ti pi w ft st % #1'm 3c m ft # m $e ft s-j, *f a ^ s ^ 
raw a ft-ft *■? i'ffi So * * a, g —ft * mm m %ft a <b 

e fta * mR'Bfn d sn m s ft ^ tff * sij n k ft - ft#—w # 
#fv.a_Lo Pft 

ftAw^^ffiSffiftiwat^srsttft «#.mAc/A£4ftn&M 
Mft^aierrWftHSftftS'T -® j'».ftai?n,-sftaw^wfttiA 
*« Ai» ft ft® iff # SI tma, ft A A ft it T ft & ft & A<j* ft 
$f° — 

K- j* ft. % ft.*.*« m^in , ifri a ft ## •(! Ut IH & * Jit H K X 
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n.i 

m j n 4 ± - # f e * nfl w, fm « * a «nj a * fr s a e 

li.i -te^« 0 i?ff & Til 3£ifc^ 

m. ft ffi S * nj ffi & & If *B 3 H rn, © SJ ff] # i'r- & & W fi, 01 Sn 

SIMULINK® fll ,,-TO( )LS®, nj |y fi| ^ -£ ff J # (ft® ^ STJ! Si'* ft ft 



lilll.l -&«* 

it## 

, it## aa«« % o — t ^ m tott m ms am 

ff#Ao 1SSSS!* FDLTr 

t. aBiiii^aaajAAE* fdlti^ a, ^ mss##® ha/ 

fdlti j&m,-!£&&&.&%Mix, 


OD SI MU LINK £ Ma.l.hWorks £> pj ffj Wfa „ 
^ ,, TOOLS M M USYN ■& fl| ift |§j fcji a 
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P(*) 


■P,l(s) Pl2<*> P.jCsF 
P 21 O f 22^ s ^ P 2 3 ( C 


_p 3 i(i) p 32 (.s) p 33 (.o 

# sa**Taa=fnl2tl«-6!t LFT, * 

z =F.(Fj(P,K),A)tu = 
F,(F„(P,A),K)u3 


MUH, 


Wife®f I:, Wlit, ffi*|J»HT«4*H6.53 


M(.0 


F,(P(s),K(s)) 


rJWn(i) 

Ljw 2] (.0 


m 12 (s)i 

M 22 (*)\ 


Mat- jettSBiiftsiHs 11 . 2 ,am 

z - F u ( M ,A)u> = [M 22 + M 2t A(I - M ,,A) '‘MuJitf 



fi® K(* P M — Af(s} € 

-ISJft,F.(Af,A)M£56te:fc!&jS»p0*f;E®6gfeftlrt 
® 6,« ate -3 a# ™ 

fcUM.fftfcJSlftffi 11.3gfw0«l*tt*gti^gE,4- 



Ilt^-rr# A u)6^w/ m s II A j| oo < 1 6#*#Sje W, 3H.fi 
3 F„(M,A)grf=V„»f®fHStt» AjSjflMW&nJFfe || Ai,, IU 
Cl miE(i±&:%rA MT£m 9.5 +^lfieA»jf0Jb|e.JSlJgt^ vt 

— m u A)-'e 
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ian.3 

# # W ^ £ 1$ te S'T, nf A* I 1 tfr ffi « M 5£ 

11. i 4=0 

*11.1 £#^***£14*# *& 



ttflgf&lEp ' 

1 


EUi(t)-w(r)*) 

= 3{f - r)/ 

E(«{0"*Cf)) . 

< 1 

A=0 

i 

1' M,, || 1 

LQG 

1 Wiener-f lopf 

=4, 

^t/rnHO 

E ( £/« U 0 H ) = / 

e{ ii e ;i j)^i 

ll IV I 1 2^1 

i| = ll 2 <i 

A=0 

1 m 22 II , 

\»mm& 

1 

II»1 2 <1 


II A 1! „,<1 

II M n II „«l . 


iniusnft 

is a t *=t* »?e a, ® <rn» w # % m ?e« *?• # « # & * m e tt * 

o Jft#h,&oriiUS#2«t«a M,$ i( s )* 
^n4ftpp,#a,aa»ai&ftr»rj!raei^,ffi n aiucl, »«in 
ifcffijS? A(s)St 

A(j) = Idiag[$! /,],•■•, 5,/ rl , A[, ■ --, Aj. ]: 

5 , ( 5 ) £ <s/?c^ m t Aj £3 a& } 
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W®-iC,K4 l I 8, II „<1 R II A, I oCl c ,%.$L&W%3.'/e , ^ 

fl{5i.aia 11.4 = 



E ii 4 ##m«ft»rriss; 

ft: 

(0 II M n II «<i 

&-»* »r w s fi *« « <* «®, w * & w £ m. »i w # if* x 

« II M„ II 

GO s, (a, ) ( iMiSttKfia ® ft 3E*'«S£ 

tt)o i£—a,{^)|BIM^ 

ft(i)flKii) ft 1 =f#M&0mSE 1#JS(s!c^&-T 1 A »^)|S]Ki^»iJoJ 

ill *£(&,, 























http://vib.hit.edu.cn/vibbbs 

“ 1 -—- 7TT 


11.2 ism#® 

n.2.1 

am«± . 1 $*^# <1 p. * a & w & s? ft fj # m « a & « 

To m(j) fii a(s)M 

«*s®si «mm ., w*%fSK##a®ti:na® # £ sft w, ; 


ni. 

fi 




+ j 


A 







+ 



A/ 

* 2 J 

_i_ ^ 





Airj^w^Nw—ta®iqae.A(^ n a j a ,m&Mx f> 

&"FPJJJF4SL&& dot(i 

Mi) “0 i6C f ,dct(/ - M(i)i(i))-0,HgS 

«>o *—A4H'A ! JSfc,«»B5fF£ 
II a II go < a JlkISSitto ^iSi,*Sirn a , rt'.sij <2 majl 

^jg/h 

— “ II M j| cg : 0 sup u(M( .s)) = supuC M ( joj )) 

“max oj 

s€Ct ,i(M(s)) BJ'¥ A 


min! u (A) :det( I - M(.s)A) -- 0,A Hi! 

( 11 . 1 ) 

iSDSW^iUSBI^ AfKj "MS*, 

/J'«. * * ^ ASi&M* ft 41i A, ## ffl (K) 
a^ssinmsr'o #issi—'t'&jtai.ug&ftnftSE# m(»)w 
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Jitt£ 7 /^bJiit£duxn/vib^ 


/i a (M( s )) = m £ n f<j (A) :dec(/ -“M(T)A) ^~0 . A S WSffi W ! 

( 11 - 2 ) 

* a ii 

SEM##SJ5i®®* 

~^ — = sup /»a(M(j)) = sup,u a (M(jM)) 

“nuix >tC, 

^%-A'rtTBW3lja?#S,-tf!.nT#Jie. Boyd *1 
Desoer[ 1985 ] ffjffl T W * aS «( ffi IB „ 

3ia n.i 

sup /< a (JVtf(s)) =■ sup ;i a (M (s)) = sup//,i(M(jai)) 

itC + il':Z, r 

VEM: 

sup jw a (M(. 0 ) = sup /y A ( Atf (s ) ) > )) 

;tC + jr^C h 

«Ssup A!i ( M(!))>l|«,|*f i.f'i.U 

A,tt» d(A)< a & det( i - M(i„)A) = O t 
1" 0<w<°°*U dct(/ - M(ja) x 

/sa)=o» ra*<T{/?A)< 0 .asa*x*i^#,, a <M<., t ;>))>i/a„ 

ft h ,sup/ j a (M(s) )SCsup 1 u a (jV!(ju)))« HU 

—'MT & ® & (W *$ « iff W {1W JTi it € Ji i£ ‘It ® # & T Si' *& 
fiSo 

11 . 2.2 

®= Af6,1" x " 0 ft 

ai-'n^ w it« p$ ), ig h w $-# * w«P m fic 
« ^ •£ o w ra®.a- aft-* a* * ^ m w ; -emm * 
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m m ,-Ttkm & '£fn m m »„ 

W'NNftS 

ft s *j 

iiiS'fcfll M#ft , ■}! AiEffift r n ■• , r s ; OT 1 , >n F o ^ ! 't'flCK 

r, X r, M, UffKS i X OTj M 0 -flii 

feUft^SS ACC ’ ,x "* 

A = idiag[$|/ 1 . i ,- 1 S,/„,A 1 ,-,AF] : * 1 e C,A;eCV",| 

(n.3) 

SHUffift-fuifcat# 

S r < + ”»> = n 

AM?*’Hji£,?IA4nT^: 

BA = !A 6 A:<r(A) <11 (11.4) 

B“A = |A e A:#(A) < 11 (11.5) 

S;S,±te“o’'fi#t^?f^®fff43. 0 jfcjJ<£j5;( 11.3)‘t 1 &ilfffi±^nJ 

is ^, tr jfesscsa tt ® ^^, w ±, •& in at * e:-s 0. fi 

± o H#, j* ,ini E'E-inR ftl $> jr pfcsfc 1 ?<s 

A*jW»# 0 

E&.11.1 W-1'MeC" > < / x A (M)5£ii* 

/ja(M). minls(A):A tr A,det(f MA) -- Ol 
%-X, AfAf J- MA /< A (M) ; =0, 

Si 11 1 *£-*#., ftSM'SEft A l-iSjEriSt* 

”i) 0 »jlt,fiSi& s = (),EP^3iTifc±?;J£ 
mm'tAeA.l- MAfttJfM.PIAlt jf,7 flSft 
mai= xo tSVa* 
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jTt^^//Wb i hrt i edu i cn/vibbbs ii 


f A^,-j* ^ 

A, = *' ^ ° ! SJ i = !,2,-.F 

[o, .r, = 0 

MX 

A — diag I Ai , A 2 , " ■ , A*- i 

j»J <f(A<#(A),Aj = A-r.AfcU- M4)i = ( I - M4)j “0,EP J - 

ma- tb®nfsfto 

gj a A.-ec-fc ■aow.tx h)5piaa <7 (a) , nxt 

«H-T±fc,K-«* 1 iHW;& ft* 

( M )WE — ^*/JsWlCS3fc a 56Jt o 
?IIM 11.2 j£ A (M) = maxp(MA) 

STlHtf I«, rt* /< IC’ x --K. 69i£&ttft HMStt, 

^«-«®,, -.C "' ”-»R , H , 

^P¥9DS3S‘*”^r^. S 

• S-A=iJ/ ; je:|(S = l,F = 0, r , = ,)J a.(M) = 

ffiga : A det( I - AJA) =0 A ft M 

* A = C " x "( S = 0, F = 1, m ! = n ) . WJ ^ A ( M) = <? (A4)o 

Wo ¥i ~fj ll',^ 

“ ^ ® ASIft M-u “ff(Af ) a ft,® jt A: = -fTyrvu ' , 

a(M) 

Ma ( A) = I - MA I«M#6I| 0 Hilt // A ( M ) > 
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vi m) q tj 

\ si„id eelcAC C ,J (11.7) 

tiLMtiUk/* RjfcxuRvj. 

/>(AfK// 4 (MKff(M) (11.8) 

mnvxftMx* M^,^A=i r ^ °}^-m 
L 0 <? 2 J 


(0 M = [” ^3>0 = M'J p(M) = 0 a g(M) = p« {1 

,i (M) = 0, B @f -H ®ttffi A, detC 1 - Mi) = 1 «, 

(iOM-[_^ J^jo mi) p(m) = o a<f(jw)^i 0 if 

dct ([ - Mi) = 1 + 

g ^ g 

Si ML.mitilmax,-1 S, I : l -1- 1 ^ 2 ~0i = 1 , fljC /i(M) = 1, 

/^{MMa—5t£-£i”6£'j >j jit, ft " x " ft;g a Jl) FH 

T*: 


= I U e A: UT/ ’ = Jj (11.9) 


Jdiag[D 1 .-”,D s ,J 1 f„, i ,---,</ J .._, 1 „ V J ; j 

1 Di e c r .".,D, = d; > o.^ e ::. .d, >oj 

( 11 . 10 ) 

ftlSSWft:® A6A, (./€ a Of A, 

ft' e ft ua e a au e a fO/i) - <ftAft) = 3 (a) 

01.11) 


-r <- 





#. if] fb 1 £ 
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DA = AD (11. 12) 

ii.3 ttivm uen ,rd€* 

Mx(MU) = Ma (UM) = Pi <Af) = ft^DMO-') 

(11.13) 

ffiSS: if D A W , Sfe W D6 2> A 364,* 

cletd - MA) = det( J - MD ’AD) = dei( 1 - DJWD‘‘A) 
tSltfc,/( A (M) = jei A (DMD ')„ IJ6-> ,det(l- 

MA) = 0,3M'^ detd- MUD* A) — O 0 iHf D’AfAS 
ff(U*A) = ff(A),iEto)?f)Waif < J,>fi' f i !l (MU) = /<a (M) 0 KffH-t 

t/M.saattiflw. o 

w nt.. sc a i. 8} * w h pi iK * m 

max p(UM) ^ max p(AM) = /i a (M) ^ inf d(DMD~ l ) 

Ofc'J it BA r A dm 

(11.14) 

it.2 #bIMa d 

—'f7cff»JElK'(fcA y. dmd 1 = 

(yD)M(yD)‘ ‘o 

a n.2 ft®a4®au.3a^^3cai.i4)4 j #iE*'&- » 

SPBHA Hermit Jt¥„ ♦ 3l_fc,'£-fn IE St )£ S (11. 12)65# 

^Sfcai.WJ'f «r±lfo D 

DA = AD„ WlJlP^—t-Hermit !^(!<i? = R ■ 6’A S.—'I'IT 
JEW D= UR & 

inf o (DMD ') = inf 5(UkMR-'U') = inf o-(RMR _l ) 
Bltt.lSS » * Hermit 

11.2.3 W 

TOxytUMX^MX inf d (DMD“ 1 ) 

Lej J fle* 
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£T^&£-^^[Doyle,1982J 0 
£3111 . 4 max cfMU) = u A (JVf) 0 

ceil 

ifttt69* 1(D ( UM > 15T mH £1"M,-eM, ft 

s, /h -# m/ynm «r m a##w—- t-w«*ria^ss, -e 

iAMfifi#ft Jr 1 -{t B # A$ H: [Packard, Fan fll 
Doyle, 1988] 0 S-^# ft # S( ft W * Iff * ffi I'nJ M, \% 9- ffi ffl 

± ft »i m vc h - fl m vt it r°j m , a lit, m. hi _t ■***., & m * a ' i& 

fiumjjmftfjc *f«j£2s + F 

<3 I A,a-t-±#.g,®#T- ^a(M). raj5tt-T-*4r' 2S + 

f> 3 /j'^^a-4'-(swaiSo sbi.^ 

*tb «-& + ,'£ sums si# jg.±#ajffi-iE^T 

Packard ffl Doylei 1993 ] (ftl 3t# o 


Sil 11.5 $ 2S + F=^3,MO /^(JVf) = inf tf(DMD 1 ) 

D£ i 


s- 

0 

!- 

l 1 2 

3 J 4 

s 

0 


J6 

Je 

£r ’ ’ 

1 

■ * 

* 

15 'fa 


2 



15 | ® 



* <¥$C95 „ 

■ S = 0 ,F =1 ^(M) ~a(M)„ 

• S = 1,F = 0 /i A (M) = ,a(M)= inf <f(F>MD ‘).i£* — 

L >£ Si .... 

*3C M BUM® 

3$ Jordan M$LMc ^ 

“A 1 

A 1 


J 


A 1 
A- 
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L 

M inf s(£>,J t D, LimoCDJtD, *)= U U 

Djec"! "i ‘ 

11 . 2 ,ii—Hermit I*?), in VcT in 

—t” Jordan #fi#M o 
&:Lyapunov 

jftwacfftWjSgEifliBS^KHK. a*0jt; P (ifxi(-t*w 
m Dez-^ 

S(DMD ') < 1 $t (D- 1 )' M‘ D" DMD~' - I < 0 
£XflfrT-#|t A- P = D' D>l)M% 

M* PM - P < 0 

(Lyapunov SlriSIS/lff-i) 0 

• F ~ 0, F = 2 a—RedheffurLI959]?9f^Mo 

• s = i,f = i 

• .s = 2 ,f= o mmwT&ftMmm-.'xtzmMkm*-*t, 

2-d ) Lyapunov 

■ S-0,F>4 JttB.J-, ;,o a-.-SJEl* 

W, H * fiffilf P£JSffl fr , J?f4s IftJft, ii-t-SmTSSiff 

t= /r 0 // o.85,ro^fe 

lo 

i - m f#sij wa - • # it® // a;, t ff j it a ift± 

ft t a It), 5J m M ft & m. a ifc fr it #: S' fe * f B >F ffi M &<J ig -» a 
-e* ; fr H. ,25 Lyapunov SfiSSJEfttilfritiE^K S .±r£4,‘ii£ 
stss•&■ rit'tMffi-t-o #SH,it.i-.#(i!i#a}tifrii Lyapunov -iti 

Riccati fraM®raafrfra— v% 
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y & mmr o 

H„&m,ftit&mmji fJ -m^aMe[i982i)^ d 

-k ai^jie^w^,, wirfe<k& 11.4 li^fSi-^jjii vAirtfi* 

11.2.4 LFT 

4- 


(K«:-i?tfW-1"EiH X T®ft$tf£>fa a , fa A 2 ,'b'fiJa»®±^SiJ 
M,,*! MrfGE. ffiA^H-t-iStlJA ^ 



#W#-§4l}T:^,(-)^^^ A, W,/ 22 (-)*^-p A 2 W.STi /Ja (-) 

a w,ja*#-5-4i 1/Jl (M 11 ),, i2 (M, 2 )^i ^ 4 (m )W**r36c 

AW.iflJ&.tfiJAn ?1 (M)ftifiSS s 

• ASSESS LFT'3,(M,A 2 )x4ftrW A,fA 2 ft a{ a 2 )<g(< 

❖ A 2 €A 2 o a*9JS I-M 21 A 2 SnntBt F,(M,A 2 )ftffijE 

Wo WffiJZ.mif«ii£T-#o 

sail.6 iftW»F,(M,i,)Mg« 



# # tfc- 

320 
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(i) XtJ9f=Tj A 2 €BA Zf ^H^^ ft 2 { M 2 2 )< 1 o 

(ii) )tt»rWA J &B 0 A 2 ,5!JI'fxa •MM 1 z)<u 

BT“ass’'A 2 fxm,& 2 )xmx m u . 


/p : 

n.7(±smgs) aTSAttfft-: 

> 2 (M 22 ) < l,#H. 


< 1<=3< 


max a j ( F ; ( M, A 2 )) < 1 

A^GHA, 


j«a(M) < U 


J f < 2 (M n ) < l.#H 


i 


! SUP Fl(F,(M, A 2 )) : 

¥A 

4,6 4 , sCA.Xl.JEjSC A = diag[A,,A 2 ],S 

«,a€a„ a« 


det(7 - MA) = det 


7 - Mu A, 
- M 2 ,A, 


-- Af,2A, ] 

(1 

i - m 22 a, J 


1.17) 


«»«£«, 7-M 22 A 2 uJiE 1 Hjftd C t(/-MA)«* 
aet(i - M 22 A 2 )dot( 7 - M n A, - M 12 A 2 (7 - M 22 A,)‘ ‘M 2 , A, ) 
#Al IS W® ft SI 

det(7 - MA) - det(7 - M 22 A 2 )det(7 - F,(M,A 2 )A,> 


(11.18) 

ffi^(F,(M,A 2 ))<l ik. A, €BA, ,i5fc 7 F, ( M, A 2 ) A, 

Hitt;, 7- MA*^^M,#.a,«lB^j!c, / z A ( M )< 1 . 

a, 6ba, sfn 

A 2 6BA 2 A diag[ A], A 2 ], |il!l AG BA, , 

dei(7-MA)^0„ bk /< M #) 

fi(M) -> maxl^,(M n ), / £ 2 (M 22 )i 
TfJ IA7. # ffi pAM 22 ) < 1, dj JfcftlU 7 - M 21 A 2 H 






Jifc ,?*:( 11.18) + tli 

detU - M,jA 2 )det(/ - F t (M, A 2 )A,) = det(/ - MA) ■/- 0 
fi«./-F,(M.A 2 )A, Mffi# A, 6 BA, * -=tH * j? 65 , i£ * RU W-g 




□ 


i± n.3 P 

SS4!ii, jTj'FifcJe/ftffl Lyapunov h &o 

( 0 

a, —sums 

*§ A, Sit 

A, ffiAT0f^-jSW 

.ii-^tD^§ia ii.2 

A, - = |8j/, :8, 6 D i , glfc.tf A€C’ x ',/iiU)Sfi(A)o ftf|#, 
5eA A 2 -C ,W M D€C; “* ” ,,, 2 (d) = 5(D), jffiA,4- A * 

i* W4- ft £ tt /" ftp, BP 


^ A6c" x ",Beo"*",cec” ! '’SD€^“- " , 8£,#fti'En 

®* Scat M *SE«IBI« S! 



■rji + i = Ar t + Bw* 

= OV* + Dwjfc 



^j-aa ® jg, fifli® ^ a ts m *it ^ : 

• a w»t- ^mspCAXiii 

maxcrCD + C'fii( / - AS t )"’ B) < 1 (1 i . IP) 


D l,M 
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max p(A + BA 2 U - DA 2 ) 'C) < J (11.20) 

W (M) < 1 (11.21) 

ff&wqfm 'I - II s.) 

II G |J go : = maxd(D 4- C ( zi — A ) l B ) = 

.ec 

max it (D ) CS,a - AS,) J C) 

s, t' c 

li [ Is.'l 

%- . / NfcfMr §-(I - DA,)->S(A ; K1M£B,M, 
■Dm = (A + BA,(J - DA,) ‘C).r» 

* # S; e ® * )* * o a a, a 2 0 ^ - ft 1 M ft- ;S Ti: * B. (A,) 

<1 O 

/MtiaiS# ii g iu,<i n? m 

a 4 1 , a-'He# IE *5: # If W K^±s * ft) it* B 3i « % it; „ 

sinBsirBj rw®TW 

S-ffiSS-tt®, A-$6 ifUtf-Stil-'v 


u.3 

11.3.1 
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_h<, at G(s)*—' -.g® 

satsto A?#«eia,®ia Gflvi pi t#oi e 

S(11.3)>(J-ff,'S'A»-tMSft > *SfeAC^, x '.„ fMl 

fr a 

4-.-BfiTO *5 a-# fib ^ifc : 

•=*'(A): = JA(-) G ^J/„ : A( So ) € A 3t.JJ9f# ,s„ G C , I 
£111.8 4- /?>0. JuT®f/r< A(-)G <*. (A) 11 

II a i „,< 

sup /*a( G(ja ))) < ,3 



iiE Pfl: ( '' — ) M IS 31 S 11.1, sup ^ { G ( s ) } — sup^ . 

/i 4 (G(i<u)X0 o Scxf®?# sec + U I «l ,3 il a || .. < U[i Hi , 

dct(J - G( s )A( s ))^O,0|J*a^##II^W t 

(==>-)ttsup„ €Ji/ < A (GOa)))>jSo MffTT — -t- OCa^C 00 . 
tt#/i*(GCX);>j3» Stgffi ll.l.l?-lL — A,€A,ffiff 

«—l H <j(A r )<i/^,lUM, / g(x,)a c S£ 

t-firaw a(,•,),■*!# i a<o ii «,- ,(i,xi^ 

A(; CU ,) = A, ,11-11 A(0®^^^ia)E... C 

Njfc,&«$sifi£e<j ,, Ifl I-, Jtlfcffi&£'/;(■•£ £!]#*.•& #s a 

a 11.4 A4'^«^B<)B]^iWi- , ']e.lE:-l y l:®M*o iDTW^Sifi 
Tiisft Fan[1995]4&ffiM 5 ^(8, 
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RA^3(s)1 2 o Ml 



rfo, s e; r 


= y/ 2 ill yl<l,ffilf 


det(i - G(o)r) = o 

^AW{X^W5g|Sf*X.«Ff- + jI J 2 , II s II „<i f» 

Utai(!) = i(.)/j,«PK/- G(s)A( s >) 1 € 

* A(o)jB>igj£-^Wo ii a ii 

i mu- g(s)a( s ))-'i ^jE^-sWo 


« #n fi? 1 #; w *fa w ? nj a a® se g c s ) = -|- m n m , a a, 

MS&SiBAL^CAiD-i AeA, ff (A) 

= lttdot(/-MA) = O t , MSB, 



&fi.7 2 = y& f + 2 a 2 = 1„ Packard 111 Doyle [ 1993 ] HEW f , it 


B-f /Il (M) = l,#fi.,0f^ AGA>S(A)-1 UJSjE. det( 7 - MA) = 
o » A&gfiffijEft,, 


i* n.5 4- 

Gii(s) G ^ { s) i 
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“ “ -- 


rnxit a 



L i o oJ 



1 - 8. 


A( II A || n < 1 ) $,&, IB E- (I - G,,A) 1 6 
II A II «><0. L C 

11-3.2 

*««n* 

#«&!&£*$, W® Wftfj 

*¥0 

iit G t , tf 9l ( < n A 

$iA« Pi+ # G f ijmftjHfejiJt 



W# g, fiAi /., 'Htiti.Sfgs,, 4- 4C .A'Mj-t- 
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mmn.9 4- p>0„ ;#0r#A(s)e-'.t(A)JL|| A I »<-^,!«li:S! 

0f75PI»*JtJt«U*m£.a II F,,(G P , A) II „</9,^JH5t?N 
sup C G p {jw )) < /3 

«G2 

SBASiU-flJBfJES 11.8 WBEWS^.RlBiUgfji^g 11.7 Bpnj„ 
Sfi- .-es®, — 

Atf*r*i»£ttA69##«JEtf:|n]®,4n|*l ll.S W\n<. 



BBn.s ##im-S3##lSfei4 

11.3.3 

I A, 


II All „<1, 


€: 

O rtjTst&tfi: 
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r Gn( s) G 12 (s) 1 

g<») = L / , r , Je 

L (t 2 i ( S ) fj22 ( s ) ■* 

sn^^icu^x u 




ll 


,j w e 


jau 


D f ,G(>w)D; t = 




G L i(jfti) d m G 12 Cjtw ) _l 
(3 2 |Ga>) Gj^Cjaf) 


i l 'rM^- a> it 


/j A tG(j'co)) = inf 

j es 


I G n(j<w) 

rA/niO’a*) 1 

L, ,, , 

G 22 ( 2 fJtJ j 


(11.22) 


* 7F *J log [ # & Doyle, 1982 ! , ft /jv ffc N £g Ji i2i ft) , 0f LU Jft tfe fff 

<4 tern, 4. ipwrmiJia 

C11 - 22) W £ & Jfe© 31: 

1. iUlJ® 2.10,# 


fi^(G(jct})) ^ inf 


II G n (>aO II 


J" U Cr 2 |(jaj) || 


II G| 2 (,JC« ) | 
II G 12 (jfO}) II 


( ? inf ( || G n (ja>) || 2 + f/ 2 || Cr, 2 ( j<o ) || " +- 


2 II G 2 i(j<w) || 2 
a <tt 





{ II G 11 0"a>) li 3 + II G 22 (jai) l| 2 + 2 || G^O*;,) II | G^iO’co) ll ) 2 
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d ot 


nr (jw) 


^ G [2 0 ii G 21 0 


■\ y &i2(j<*>) y 
0 ~tx G 2 1 “ f) 

. 00 ^ G n = 0 

2. — y H£f£l fTjIFMSM Frobcnius 

Gn(jctj) dji'j ijCjif) 

1 


(11,23) 


—G 21 (jw) G 22 (j^) 


/j a ( G(>cu ) ) ^ ^inf 

( inf ( || Gu(jm) II p + d 1 || G l2 (jtn) il \ + 

V d v e x h 

1 

~2 II G 2 ](joj) || 2 f + || G 2 2(j<u) !| 2 f )\ — 

d „ i 

( II G u ()aO || 2 f + || G^Oou) II 2 f + 2 || G l 2 (ja>) l| f. 1 jl 5 )^ 


JELJt'hffi d Qi 

[ / II G 2 \ (j<o) II“f ^ , n H r ^ a 

j _ j 

lr^2] = 0 
^ g 12 = 0 

(11.24) 

FTlii uE 2 x 2 #1 

G3|EittJgm»Wo G,J M 

G 1 1 ( j(i) ) J £If G 12 (^o) n i 


/i A ( G(jft>)) 0 


^-G 21 (j&j) G 2 2(jm) J 


(11.25) 




















Jitt]37/vibJii^ 

329 


r (3 n(j(o) d ai (.T 12 {. ]<&') 1 ^ 

1 . . . . . . (11,26) 

G;2(j aj ) I 

J ■' 

ajfefttamttTo 

«11.1 Wefc4TJ8IPEA^t#iSL® 9.5)* 
5£1*ifcfftW**M£t&raJSI: 

P a = (J + Vr,AW 2 )P t |j A || ,,, < 1 


f/ & (G(j<M ) ) < <3 


G(s) 


-- W 2 T v W , - W^T,^ 

- ^s„w rf 

II V^ 2 T n Wj II „ < 1 (11 27) 

& 


|[ FJG, A) JU < 1 (11.28) 

l| A || «, < 1 ^(11.27)fll^(11.28) 


- W 2 r 0 Wi - ^WVJ^WYh 
^-W,S,W] W^.Vr,, I ^ 1 

IBS—*)E3lWftS&, 3 
teas or ft#,. ^ 


;^ A (G(>aj)) = inf 

d e» 


d -~J 

/t w®— torn,& 


II w,s;w7T 

II w 2 r„Wj 


« 4 («(>»)) < \/ II W 2 T a V l 1 2 + || W&Wj II 2 + 2II W 2 T„W d j || W^„W t || < 
2JWzT'W, IP+ I! W^,yf d | 2 + 2*( W~' W d ) (I W 2 T c ,W, i; t WXW 4 'i < 











# # tfc- 
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'| W 2 T a w, '. + *(ff, -1 W d ) f W&W ,,', 

■&&- W . sja , ^ 
K ( w , 1 w rf » i , gta . ipf -- JS ^: fltrwfifsi —^ ti ^ WfiSc—^-ai 

P A ( G ( ju )) k ( W ,' Wj )( \- W 2 T „ W , II + II W , S „ W ,, ,| ) 

T H *j W S, {4& inT 3 1 a „ 

311! J1.10 ^ a = = a >0,jl!!| 


ffiRH : -J5 \ftjS®C y — x + Mi — 't'db 'f'pJj 

El'SJ hW ** iK # 4 El ' s ] a ^.[-. m#o BJt . Wffjtia&W d , 

max ! ida ‘ )2 + xij* I =i Ua)1 + ci>i • ■ + (i j3! 


(< fe ) 2 + T-lin = U a ) 2 + 

(. dtj ; 


1 

( f /,?) 2 


#1 11.2 

ft ) G 


G ^ r- w 2 t { w, 

l W t SJ 3 W 1 


- W 2 KS 0 W d 1 

w v s 0 w d J 


J </ A ( G CjGi ) ) 


inf 

d e a. 


' - 

j - w , s , pw , 


- d m W 2 KS tl W d 3 '| 


W f S 0 W ^ 


I < 1 

I 











http://vib.hit.edu.cn/vibbbs 

— m — 




d ltl = 


'll W'SfW, If 


W 2 KS„W d 


,x & {G( 3 <o)> zZ/^CWj'PW ,)( |[ \v 2 t,w , !l + || W e S a W lt II ) 

w„ = irw, = & 

mai8.it * a 

mm*#.®, 

ftffiik.mnrma:-. 

W, = -wJ,W d = /, W, = I, W 2 - i 0,1 

K(s) = P'(s)Us) 

Sf, / (s) JS—-HSfi Bjfrff M Eg iSc, ffi*# K (5)*IEPJ# if 

B^W><tA7£*.BP 


s„ = s = 


l 


i + Us) 


i. r„ = 


•j- — —U' ^— j 
1 1 4 /(.s) J 


id 


e(.0 - 


1 , v _ l (s) 

l+l(s)' z(s> 1 -P - Ks) 


jiSC-flfA G r^.ifsij 


5 -- -W ( tI - IViTP 


G = ! 

L ^ r jt/ 

ttSW <„ Sfc.G 

- TO,ri — «,',!•{ctf’) -1 

, L^-'^P u\e/ 

PCjcu) = E72V* ,2 = diagCdr,, ii 2 ,^ ) 


^ A ( G(>w)) 
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££ M ? o i ~ & Sc o rtl = a * m sk P fr’J ^ o 


^(GO&O) = iti£ crj | 


i,*( 


— Wczl ~ zv t r (dl.) 


FjdiagC M lt M 2 ,"',M m }P 2 


U' h £-J 

ix’jr/ — tt^rCc/S} 1 
t'.-Cfl Z, tl^e/ 

Pi p 2 

- ^,r - t^,r( da, ) _1_ | 

jw ! zd<f l tvs _f 

mtt 


Mi 


inf maxt7 


- IV t T - 

"dV t T (d(J t ) 1_ | \ 



= 


l 

tV£d<Sj 

■ws J / 

/ 

r 

- tv, T 1 

\ 

inf maxtr 


; ri 

( dGj ) 1 j I = 

« ■* ' l 

L 

tvsdv; - 1 

inf max v/ (1 + 1 cfor 1 

d € 'ft, j 

2 ) ( 1 tL'sda, 1 1 -t- 1 


inf max / I tire r + I vu t r S 2 + E tvedc, I‘ + 
'^+ - \ 


m t T 

da t 




I w,e \ a a 

ja x (G(jtt)}) = Ay J I tvs I 2 +1 ut/,r I 2 +i WjC II tv f T I ^/c(P) + j 

( 11 . 29 ) 

I w> e I *J ™,r | 
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mm: 


p±(G(j(o)) ~ -J 1 w,£ 1 I ixv r I k(P) (11.30) 

o 

11.3.4 fi KliliS 

A = diag{ A x f A 2 , ■ ■ ■ , A F ) 

p eim t,mat 



_ M„ 


A*i F ~ 

M - 

m 21 

m z2 

- M 2F 

i 

' m f1 

M F2 


D = 

diag ( J 




WJE, 


@ jit 


DMD 


■ i = [ m 4]- 


: — 1 


^ 4 (JVf) s£ inf a{DMD~') = in ia\M„~'\ 

T)€ » DG L J 

rj 


inf c 

DG i 


M 1( 


J ]< ™i v ' x x n«, i' 2 < 


£ £ 11 M " 11 ■- ^ 

inf X XI II M 0 II 2 A 
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H , MMM/JWfcT;*### : 

i. ? f i; s ii m,j ii i d -i 

r - fc '**-i ,~i d } 

&m,d p = i, d, ##)»£. 

l 2 ^ 


ii 


4 = 


rft = 


S W I^- - 

XU t II M k , || >td) 
Kk II 


N 1 

i^-k 


,k - 1 , 2 ,-,y -1 01.31) 


,* = 1,2, —,!•' - I (11.32) 


S^ t ll M„ Wild 2 / 

fl) 11.3 M-t3x3 

fl + J 10 - 2> 20> 

JVf — 5j 3 + j - I i 3j 
■ - 2 , 4 - j _ 

A = diagU,, S 2 , &,)„ M (ft M ± if 3 fli J& d ( M) - 
22.9094,Af lift: 

/* A (M) - jn^<?(DMD ') - 11.9636 
Jt^MitWtSSgSW D„„ = diag(0.3955,0.6847,1)., 

inf yj II M r . || 2 —j- 

D * D„ :ft .,,., = diag(0. 3212,0. 4643,1 ) . '£ Ji fi 

oi.3imthi(6Wo -mi!# : 

■ ,i A ( M ) ^ <J ( D^„ r MD ^ ) = 12.2538 

•'Nuijgf'teil-o o 


11.4 
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ff^itifeMCiiJ^trratfein^^^JfegiajJS^-NSo 

««##?*£*,"TKlfti] M -Wif SSmJiEt-fS 

@)Efr M,it» 

II M || . a = 2, K.S ,U (11.33) 

Hjlt,a}ee®SSSS[RS>Jf&J@4 J i-B|,-EClfe^7 —t-SR R3 11.6 
ft* m. , r 

M = F,(G,K) = G,, + G,,K(/ - G 2 ,K)- 1 G 21 

r g 11 g 121 

Mg 4 Uj-MiSA 

LG 2i <J22 J 


• ®{X#i£fic*ri4fi£(A-0) : G = I Pl2 P ’’l 

i-P.,2 P W 1 




r ^ii ^i 3 1 

l F P 

' *31 *33 J 

^11 P]2 I ^*13 

Fzi ^22 : ^23 I 

^31 P 32 '■ P 33 J 



mn.G m&mmm 

min |J F;(G,K) l| B a = 2,“ ,«£ /* (11.34) 

iHn a = 2 20 mt 60 *?■ 

— ^§rfi¥ffo M a = Riceali 
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so 

# a = ju mz/ t 

mm u - \\«,(m f<3& s = 

min inf ||DF f (G.fOD 1 |„ (11.35) 

* D , f) l f. H ^ 

a»e*BfiHiW d-k i&Fu isis;^a«:/i'fOfifr')te^#ii^D( s ), 

«m D(s)A(s) =A(s)D(s)(te1tt n( s )SMMT Sj* D( .v) 
Hermit l'£,#ULi& 1(.2) 0 iff- - 't'Jniit W1@/E [$1$ pfi SSt 
1 >. min K ;| DF, ( G , K)D~ 1 I] t 

»K,inf D . D -i e< ,_ 'J DF,(G,K)D~ 1 II 

sup ^ info; U„F, ( G , JO { >t» ) IF 1 j 

inf II DFi(G,K)D~ 1 '| „ - sup inf o [ D.'?,(G ,Ki(>«)Dj ] 
d,d l e jr, * ue* 

Jkfc &, £ $$ Jr.^£ -■ --t-fi/h it$} D„, WO &F 3J S ^ fit 

DCa-),—^C itfeai£®^n|S|F>V: Hffl^ 

s«o(^*^tfeW, 

= diagC ct[l, ■■■ , dp , /, i ) £ L£> 



ffill-7 ft 














d-k 2 Sitw 

&D,„ ftM.'l'tt.K,mfil h K D.„;,«;aSJfc®/J> 

ft K,M,Wi£®'J'ft i±®MW®&&&!£&&. F 

(i) ~'MS£5st$ D„€ * 

(ii) >lc— dj(s),c/- l (* ) € , / 1,2 ,•••■( (• 

- 1), is W ! rf, (;^) I li-tJpm rtjfljfflffi-fiaft [ Youk w 

sa i to , 1 96 7 ] % & , n & , a a %■ % n m — i- i m & m w i ? i$ a e , 
a a e * ft *. h Htr £ m * a a # m %, ms &r ft- m ss ft * 5-2 $ & 


(iii) 

D(f ) = diag(<i|(.s)/ ,. . . ,d r , ( s)/ . / ) 

11.7 I'lK&rViTSJ®®: 



(iv)»—-t" j/„ Sttft IF! S, 1£ 

II F,(G,K) ;i 


*t&Mf KS/j'ft, g 

69#Je® 0 K -^S7K„ 

(v) jtfD„,fc«*J:S;(5«! <7 [ D„ r F ; ( G, /<■)D ;>< 1 ]M/J\ft®» 
r K ,f 0 G JB/Mfc 

aea^x^mrm-friM^sisc, b,„ i/j. 

fvi) tfc« D„ 

M.ffl D* ft#D.,®rai{:-i|E(ii) 0 

Ml K s!<D fiSSgftf *]-=¥„# 
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1H Wgi&ltMW ,0& Baias, 1990] Q * 

% t, & as w & a if m & n si an it a & * s m n s a # * » ai i■ 

V^SfelT c ft :lh#r At ££0 ~^t E J ackard Doy!e[ 1991 ] ^ jt ftfe ^ 

g&dlo ,< ^3fH£ 


11.5 a£#w#>t 


WS9»^§S*f Doylcf 1984]ft Honeywell |Kj i# fff, J4 
a?itJl! 1 ] )i ?tt T Packard[ 1991 1 Miffffi .Doyle, Packard 
[l991]^Afa£¥„ #5 11.3.3 IH'ftlWtt ft =F Stein# 

Doylc[1991 ]tfy t'Mo (1 

SeIS* Titsr 1995 ffi91 fl<r„ l£T ;, WWffetgf ifi SJft Fan # Tits 
[1986 ] . Fan, Tits # Doyle [ 1991 ]. Packard # Doyle [ 1993 j , 
Packard ffl PandeyL 19931IV A. Ynung[ 1993 j A. MA A WM] W 

h m w #s$ sift ifepj o 
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mmmm »&&#**« 


A##l8»S® ■£*£« A*£«A-'i''iPH 12. 1 
LFT,SS,G JS- ^r 

™(-s«-Ftt»ffi^miie®j*ftA «c g ftflists«*-&:«( 
*( aim® $)» ill _v«M ft trills K»fcSW:aii-fl<j^W@o ft 
i*ft ft* A , j£ffl H ffi m fflft Wi tfc«Wtfeffi, W 
m , M ft J£ S if lx ® ft M S k .« « M ft im ft J£ 
#^-mW®A±SeafW,-S*fB-y- * Mi*id* 


z 


i rt 



a 









y _ h 




IS 12.1 -imSSt&K 

Youla 3 ?A[ 1976 ] 4 IAM, ftffiffl 
M, ^ ft 1H tfc itl W 3: ftsiitt.-SftlHl^ftc A ? # R—IS M ^ JS 

WiB^#£(FI)ra*g,ft.ifctJi#(DF)N@,^&:*J(K:)fiiJ«Utii 
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if®, 

i&r is , * * * is tsfr ^rs, a 

46e«*S'&(Xd-m+04tfn*+A#M ^2 « ^„,&*j)(q®JBiK> 

S5 w; raw* e * 

W«attT ; 12.1 12.2 

412.3 

*|51ffiFI,DF,FC» OE 12.4 lr»w rfiLM**tlh 

watto i2.5 12 .s t/jm 

sK&^sjj n i a ate. 

i2.i 

12.1 @f»iEM«0Co fgifi GO)# 


g(*> = [«“;*; 

G i2 (j)i 

'A 

: 

^1 

1 = 

C, 

i Dm 

D t 

^ f^2J(J) 


(.'2 i 15,, 

d 32 .. 


3S—Si&Sgt.igSgltjgfj^SiHu at—lEM^’A-RS^Jirtfr* 
iL'»(OF)NS« 

12.1 £-#*—' MFJi | fi ? S!lSg K ttai 12.1 tft ! IF JgiJt.a c 
, PJ ^ G S ® SI ® ill lit tiS^TIt £.#j a tt ^ h , ®—t iEJWJS 

tJ^ K(s>& g ramia , 

51* 12.1 frft-tJEMfefrm K ®iK!*(*[«£, 3 tU ) l %( A , 
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K(.s) = 


£ 2 )®«r@^w,(c 2 ,A)j&nr^Mfl9» ai,t f »l am a + 
fi 2 F fn A + LC, ,W—4 T5i; IS 
m i 

I "A + B 2 F + LC, + LD 22 F : - L 
L F ; 0 

f mLM% a + 

B 2 FmA + Lc 2 a4-K{ Jt )*a^?ia^ihMa£ ; fa 

— A B'yh 1 

A = | 

L - LC 2 A + B 2 F t- LC 2 J 
[A + LC 2 0 l 

!■ - lc 2 a + b 2 fJ 

Hit,A (KHW^f^PA + LC, A + jj 2 F frSilrW#f-SSo ¥fM 

m,A ftisteo 

w, jh#& a tiF.fi .jt&mttz. if w*^as, -a n±sj m& 

ss-^¥i„ wmwwwMft&Z', n 

*ittrrr^i G 22 M*as‘S|^®i)<iWH;^iiffl,ini 

ssissxtwsimTW^SBjeafTo 


5iai2.2®G 22 iHjH4i«m[ 




12.1 12.2 +lHl^gcJaf*| 

»t2i,Kum G( s )rt^,M«M G a rtej£„ 


® *ft,c*-i'*»»Rr«3Ettwnrissn<t4;ffi«HEG a2 «is*»«iir*si 
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y 



m 12.2 


iEH: A^xwt^mm, %vt.wifcftY±, nmiEwm n.i 

12.2 A-mmM&M&tiifoo 


□ 


mmnmn .2 nft.o ®mfc&mmtiLfc&?G 220 Hitt, 
Youi a #uc wmmMMmo 

a 12.1 jf&mir&ftM G 22 ^—t^^mxmm g 21 y^% a m 
-■G 22 w-t^*fS!Niiy*Br« 
5tM»nmssw ,mm 3 tmmm»m'Xik' w$u, 






& G 22 «H**ai* 
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35 j£- tti * o =ts a m f; h m * ra a<j m & *«., & & *# 

^(Bjas*^w. mir.tamism^m w bmm 

MSiil. 

12.2.1 «St*mitKl#«|cfi51® 

fts aw % m k it ®:£ sir, Kti-m ft w 

* &. -e & & a $ # ffl „ & rr m % ,- 1 - * as (c, a , b ) nr tm (aj 

«®tt» «l b; m *J S (IT & HH tt) W «E & * *1IS «. i£ A B A fi (c, 

a . b ) w ( ti r , a t , c T ) fsi #*stia £ * o J9?«. % *jt m 

ui && w jBM'ttife* w a w, ji ® ft sm^ij * m w 
bT Ml 14 fn/gg nf ffi ^ £Kj |B| ffi 8P bt „ *J14 bj fS ft 5'J - « W 
ff®o #1S— 



G 




^_ 

>’ 


' £ 

w 


M.Sffif* G ®tt*^ttW4<SS9o a&^fg 

M--t-^TSPTWStt: 



G fflK K*1#SUW„ = 

[ F,( G . K )] T ~ F,<G t ,K j ) = T fEI , ®G rtSije. 

















- 344 


Jitt^T/viWiit^d^n/vibbb^ 


tf},mm>G r ®K r mK mrtm 0 Aift ,%-%&&& 

w«,3ft«®oF 

r;4‘^isi«s«o fiifirasia* 


b, b 2 i 

!»,: 

.;:i 

fc. ^e#i,^=fir+B^wsie^3fe 



1 A i £j. 

[I 

oil 

C/'c 

- ■ Ci ^ D n 

Lo 

ji 


L C- 2 : D 2 j 

[0 

01 





G Ff — 


A 

C, 

['1 


r A : Bt b 2 ^ 
G df = i C] Du D 12 
Lc: 2 ! 7 o J 




Goe 


~ A 

Ci ;7) lt 


lC 2 : D 21 


b 2 - 

7 j 

0 J 


£ * i* t in t* % * e mi- 

SF. 


“A . /J T /3 2 ] 

<''*' - j C, : /-•;;. D n \ 

L / ■ 0 0 J 
















# •£# 


http://vib.hit.edu.cn/vibbbs 

— L -—- TF5 - 


OL IfritifliA 

f ' 4 : Br r 

G(, } — ■ f -1 TJ j i 0 
f 

lC z = U 2J Oj 

m\m 0 

FC,OE(FU OI)#BJ& FI, OF 
(FUSF)^JA^o Fit: 

n -— - fc 





12 . 2.2 


#fi y = [ r i„ 

L LtJ J 

*t7 FI HM, tt*ilia (A, U 2 ) £niM& W U faittM;]! SS#« : 

BS ,1? {TrJrflj dl K ifl Si ® fnj 5S Ji »T M W, M'J A fW FI [n] £g til >& 

FI OF ft ffl|n]W^tSj 0 

>jT 3IA7tt,i<T'S#j£-;fciff|,:fig c, - o tfjittaj 

•Si'TiES.ti!, # fiSiit'fr # KL'.jiffi,-®# W 

tt» «w r-tt w » ass as sit *&*«!„ lESuScfn^#*m.Ffi 
C,^o F t 'S«.G.»A£*>»fiM TO Si^lii *• Wftifi® Sfc.ftltO'iifi® 








-7377 


JittDT/vibjhited^n/vibbbs 


S6U®(C 2 ,A)Bj^»], 

dk ibis* Fi 
Wfr.SU tafias K,.-,lA of,^ 



^ tm w m las : g je k FI k d , ®-w , m ®ffla 

r M -- r„,,? Ems-t&w, 

31S 12.3 G„»G £ , f SqJ:@iJ9fi&®;* jfl| 


, r/ o oi 

(0 Gdf(i)-^ ^ jJC'h(s) 

( ii) Of I = ■£( ,P JJF )( ^£ 4 * * *^( ■, * )ife/j\ IP .$0 



SERB; 

— •■> * flu- 6"tfA^kfr,G Dr m 

«f:= J :-.r *P i *ii: — 51* S i; ftt# & , Hit * 

eas 

































A iS,C 2 
B,C 2 

C, 


0 

A 


Cl 


0 0 

B, B 2 

^11 C^|2 






iti2.2 j$Tirwm^-tt^ra;*sgS(»)o df 





A - HiC, 

Bi 

B,1 

/ 

- c 2 

0 

1 

0 

0 _ 

?*, 2 

' :> ' 

II 

^ =5 


mm v ±i'£±m&)G DF m#-& 



g V! ;M a - 

if, c 2 w ,jwj r 

.fcBPWftJUTJtSh 

12.4^ Ciyj ? GriF& Bdf ^ /"*- lJJ o 
( i .' ^f Cjjp F*9 l^/E ^ WfJ K^; : = KjyylCz / 1 

Ui JSW T 




























- yw 


JittgT/viWiit^d^n/vibb^ 


F, ( Gy,, K l)e r C, / ]) <- F,( G„ f ,K df ) 

(ii) & A - B C 2 i8g@,? K F; ffi G,,I*)t$ , JIl'JTJSf 
09 K df : = F,(F w ,K F! )ft G uf -rte./Hc 



am, 

F, ( G„,, F, ( P u y , Ky, )) = F,( Gy, , K F , ) 
a 12.3 ji-t-jE 8 A- B,C 2 W'JWS FI Si DF 



v' 

12.2.3 ^®iwa»tansit 

«; fc N sg * e fJ ia ®, H ® ® M S fJ S >TI ^ W M 

j-o ii—l'fi]Sij fi 

iLfn fi , HWKaW'itasj m of ra 

SS&lfKi&JfcftiiEo G^i&KM 

,OE N®» DF HS&MI'A, ,X-f DF 

‘-litfibffiXT* #B.,OE !a®©nl»'l4&(4Ji:(A, 

02)a«ffiacc 2 , J 4)ae*(c ^T^m^nk-aummMx ,ir 


z - Cj X + D n IV -H u 













Jitt]37/vibJii^ 

349 


m&m&h -&M,mMt&uu 

zo um 

&& c,j + D tlW Hiit, 

^H*H® -t- 

H A ft ffi it rnj ® £ & If ft *£ iftttf J&: % ® ft ft Ife £ £ tt IL 

b 2 =0o ^ 

# 1 * di r #15* a ■#■ ft- f *e ft )w ^tm-- rrfWJST ft *a % n* 

mTmnmmftFc ** oEnmm^tftmMz, ^-jaapy 

FC m OE^ tiim: 



mn^ /MSFUsflsiwan: 

3 I« 12.5 ^ G TC WG M iW±^m o m 


~f 

(i) ^ j oe ( s ) = Gyc (s) 0 

~0 


0 

B 2 

1 


j 


(ii) Gfc = Jy( G, )e ,Poe) • Jt't 1 . P OE fft FSCS&iH : 


P OK ( s ) 


A - B,C, . 0 

C, [ 0 

- Cj i / 


[ j - B 2 ]- 

■"[o' /: 

[0 0 ] 


5SS 12.6 ^ Gfc.GoeIBPoe&M fc&tH„ 


(>) ^ l^oir® ^OE Kpc: 


[b 2 i 

^ J-K'JE® Gyc 


iM, 



















350 


JittgT/viWiit^d^n/vibbb^ 


Fi ( ftj-'c - [ 2 ) - F) ( Go£ t Koe ) 

(ii) aA-BaC, Kpcte G K ;l^a^E f !illJilUTi] 

J^fTKKl K 0£J =F { (P oe ,K fc ) 


If 


F 



/’fj,. 




y u 


fsfi -Ife/if o fln ? 

F i (G ( k.F 1 U’ oe ,K fc ')) = F,(G„.,K ro ) 

a 12.4 djjtfcsrjsL,^ a - n 2 c, #©)£w,wi fc w oe was sat 

±jsjt±j£^«i-w. u m* w#jaa»G l2 co 

be* * a * T-m,«. a# w $ +t &, * ■nm £» 

ffic 


12.3 ffi-4imfe&M®to$WLik 

12.3.1 |nJ®fiS^?n»f. 

i2.i 4 1 


a C a , b ,) * 5J« a a914 (r 2 , a ) S nl M c 4: "1W i-fe 4 p t w 


*&•£—a. g j*H4&«t-£<M * k 
lt= 

Youla ,1-: 

5 <i! bIj ia ft jm bi m, g m ^ Mss-R-R ® -p g 22 , is. ®^ & m s 















ht^T/vibJiit^duxn/vibb^ 

351 

irm, mine. 

tl 12.7 ft GG^« 

K = Q(i + G 21 Q) 1 (12,2) 

X-iKse«=*=#«:£ft£ I ' D 22 Q(“)HH^ 

^C. 

a 12.5 ^£503*5.5 B&7 -, $ 5.5 ft.— t 

mm k m ku g 22 x 

K) l MtM= SBIKS Q=K(I-G 22 K) l J&--t-&j£ftSf£ji 

ffipf.w k riiu-.jifffl+'etiss 

ffiW: o’ wras, «„(.>&£ a? ekj. sca.HSflm 

ft®cirffiWnJiEttj±t&i*MW—*'W,® 
&K„ Q„: =K 0 (/ —G 2 ,K„) -‘e^^.lil 

itfc Kq -Kq = OoC I *" G 22 Qi] ) 1 o li 3?"lj / + D 2 2 Qt, ( 00 ) 

= (i-D 22 K 0 (<=o)) l ,teSffT—^*e(Kjn 7 j®tt''(rA 

Ko W.T/.^^^EWjSJM'Hi^litWiEo □ 

«w,?f C *'&e$IS,JliJ#®C*fc#fc&fiMS. 

SafSI*iAj£*^r ® 0 

SS12.8 4 Fffi/. LC 2 w A1 E 2 F SaSW.SJfiff-fj 

G rtm®we®SSnjs#ssrfl:ASBTW.v H« Wft : iISSI^: 




A + B 2 F +- LC 2 f- LD 22 F 

- L + LD 22 1 

J - 

F 

- (c 2 + d 22 f ) 

0 . 1 

i - » a .1 













#- if] 3b ii 

352 


JittDT/vibjhited^n/vibbbs 


s+,Qe^=««e*ii- i ' D 12 Q(™)ft a-#, 

pa bs 2ri* & m, am it® m '& & it & ft m e .t & $j $ * ^ ® ^ **. 

Q s AfflttSHMiftftiSWMT 

*ti*-r«US,-f$SEM YouU t£ 

[ Youla %■ ,1976; Vidyasagar, 1985 ; Desorr 3? , 1982 j , ft 'M & — # 

Tl'.^(5J@M—W*ri6M?a, 
fflsMRit^xwc iSTrttws.s^^^diR^Nsifrjftjiam^e 

»Sff#WfEI@.iSJnFl*10E®# FC fll DF, 

a—ftft 

M it &M fff #■. Jf-B-i'F £ K-te&G’Mm, Win ft H$ f tsj St WSS+A 
=j / 2 # “V»«tt^a 9 r«j®ifeBr/afflraw©s!S:)»*„ 

OF HS* 

#« fJr VI , -&% ft ff] K 21 ii it t it & ® # ft. |hJ M lit {*' j£ ft sfi IB g? 
ft T ® «j W ^ ? V ‘t>, ± ® •«- It a # g); fill ® Rij i« Jg & 3;ij d 

W4$tto Sifntfe#ffii£iB5ft!&|ia®Mj|¥W 
ffi of rr>]®»j^#«}£i£ftm 0 

12.3.2 FI ?P FC 

ft a -/Mv +fi i 











^t^T/vibJiiLeduxn/vihbb^ 

353 

OfjIJI 12.2 Ib'&rflo 

(1 FT F*J %£ W m $ & ®l #S Kn , # R & v. is £ «ES M X a , U & In IT 

«ffl 0 

?lil 12.9 4> F ja - t^'SSctel^ ,{£# A + I?, F e,£„ IK) FI Rig 

K„, = [ F Q] 

Jt+ 

i£j£55ffi-K#il:i£|$ Qt 

aw, 

fiESS: G,. f ma 0 |_ 

fc (si@o m itt ra isw*» &m, swm* 




Tt' 


_ 

f^r.V 



>Ff 




U 


— 

'^4 

— 



?m 12.10 4- L JB—4*'S'St®Ft,#If A + f&5jf , JjJij FC fnj 



^ ^ Q Sr .A'Af {£ ^ ., 

12.3.3 DF m OE 

a df mm. ^jut .* taft m ■■ 



lift 12.2. i ft., ftS -*/J- if-fg# 

A - B,C Z ^%5£65 0 JSt^ JglU .tfa^higgE, — 
















354 


Jitt£ 7 /^bJiit£duxn/vib^ 


# £ ft Jc & ( A, b 2 ) iJ5 “I tt ae 'K fli ( C 2 , A) fft “I +§ ill ft W iii ji-j ,. 
ta itt, & - fa a *t -f £ ff«n w (e) ss # je «■ « k , m nu, ■£ w * 

Rfilffidl ft 12.2 VSt -ZteXify FI MMFfl DF H@W Wjt 
*,# Si > F ttA + BiF Q 

6 , 4 > Kr, = r F « I » J'Jffiffiffffl 

12.4, K r)f -( j) = F,(P dp , K,.,) = F/Jnr, Q ) ,K+ 



~A ^ B 2 F - B y C 2 j B { 

B{ 

Jdf — 

F \ 0 

I 

1 

- C 2 / 

0 j 


* df «■- ® ffi an ® o # * ±, m * jn r u i jh , • a & m ± a 

?iai2.n i2A-B,c 2 SISSW,li!iJnFr>31@WW#«/E«®fS 
ad] K DF =F,(i HFl c3)R. Qe^JSi, ±ifi)4& 

aio 

fiEffl: « Q6 -awR .JSffl A',),.- - F, , 

owes!® *4- K Di ..^G UF wtE]ea$siia,pj 

F / (/ ro -.K uf -)e^ oo ,ii;i’ 


A • Hi BP 
Jdf = - F 0 / j 

C 2 i 1 0 I 

<Jdf# ATnrWW®, H A'ETr ^)g[2|; G UJ . ‘ g 22 ’ K 

4 - Qo: - F, ( } [„.., Kf„ ) 6 ^*=k„ , J 4 l| F; ( J D y, Q„ ) = F,( J DF , 


F,Unr,K nF ))= : F, (J, mp , K Ur ), £ >1 ./„„„ of *1] ffc | ■- * 44 ^ * 


r A - + b 2 f 

~ B Z F 



- fl,c ? 

A 

By 

B z 

F 

- F 

0 

/ 

- c 2 

^2 

I 

0 _ 















JittgT/vibjhited^n/vibbb^ 

355 


'~A - DiC, - b 2 F : b, b 2 - 
0 A + B 2 F 0 0 

.G. - F | 0 / 

0 c, ! ; 0 ! 



H Jifc, F, ( Jur • Q o ) = F/ ( J . K„y) -- K df » ii * ft & & £ 



<sa A-ij 2 c, mtiio r« 

S6#,ft* DF Mx-HBfiJJB OE mm W*ft-ffctd 

atf. ^ L ffi A + L C, Kfc = [ Mxt Q e Ay/„® FC 

- w 

K„k= F ( (P oi ,K^-)= F,(^oe.Q).W 

4* 



~A - B 2 C[ +- LC 2 

L 

-TV 

JoF. ~ 

C, 

0 

7 


C 2 

7 

0 


Jt G^W-KWsSfiSDfSo #*_h,#taT^IH r . 

?l m 12 . 12 a A - B 2 C t *85£M ,EKIJ OE 

& 5T * 3lt A F, ( Jr*: , Qc: ) , K- 4 1 Q„ 6 -A'rf „ \ t: jg , J w . *A±lW^ 
JC&o 

iserb: jEM4’@fajeff 4 )fi®isw®5ceai$i- / r-M,RAffljszw fc 





















356 


Jitt£ 7 /^bJiit£duxn/vib^ 


k ok ^ g or mttnm ^lefrjss .m ^c. v-, k c «,)e 



“A j 

- L £G 

Joji — 

Ci 

0 / 


c 2 i 

I 0_ 


4" Qo: = ^(Jo £ ^oa)G^ 000 M#*fcflJ/T1S&+^*#aiMJfc 
rsjMIR^S:, F, (Jot > Qci) = M Joe - F,< j (JK , K, )E )) = K ot o 

Qoe^-v^.F^joE.Q^w 

MX,-. □ 

12 . 3.4 

oFtn]s@f##i'r- 

anew. #8!i^a,agt;ffi±)?i: 

of fi m fc msms 

Dp* oe lujatf a z^Cj m a- 

b 2 c, 

ui«ii 0 WDt<ia*tt*^i$iiTfe)®M*aEj6rtfeaB: 




XV 


_ 

G 




J* a 



D n D 12 
/>ai D 22 J 


4 

GO) - Q 

Lc z 















# •£# 


http://vib.hit.edu.cn/vibbbs 

“ 1 -357- 


#r n. ( a , b 2 ) & asm & w. (c,, a ) * bt & siw* 

SI 12.8 WuEffi 

4'5te—Jtttt, IMS D 22 *0„ D 22 ^0, 

HSHJJf W .WJSfeM 

x(i) - K (s) ( / - D a K(.0) ' 


- 


TU 



G 

ri 



3t* 


G(.v) = 


K 

— 


“A 

; By 

b 2 - 

c7 

. D ll 

£Jl2 

LC a 

D n 

0 . 


mm G WttS.WJJT-fF^gtnliB* 


r>~ 


“A 

B, 

b 2 ] 

r - r l 

z 

= 

c, 

B n 

B l2 | 


-y- 


-Cj 

B 2 i 

0 1 

- it J 




F, fltfS A + B 2 F 

SS„ ffisScPIC-F 0 W*h®— 4 - 

v = u - F.r 

- A + B 2 F Bj B 2 - 

L C| + D l2 F D n D l2 j | 


Jk 


jr"] 

" A 

By 

JJ 2 

- x ' 

* 1 = 

- F 

0 

J 

IV 


L C 2 

d 21 

0 

- U - 





















# # 

358 


JittgT/viWiit^d^n/vibbb^ 


P>T tff K^l % ■'F : 







Cl = [-^ 

Lc, » 


b 2 f b 1 

^ 12 F ^ ] J 


B 2 

fh: 


e 


" A B, B, 
- F 0 J 

_ C, i D 2] 0 


,k f£<7 ,2m in ^ k Mg, / m/1 g, wj „ n.tr oe 

4 V L ®A + LC 2 12. 12.iJff^'fst 

j£PjgM*T:££,4i : 




K = A(/,G) 


»/ - 


A t tt 2 F + LC 2 j L 
F :"0 

C 2 \ 1 

A + B 2 F + LC 2 . - L 
F f 0 

- C 2 \ l 


B 2 

L 

0 

/V| 
/ : 

o j 


ilE L 4 o j 

ji 12.6 f , £P ft jfejfm "4$u ^ ft A# OF 

T)F hi 
































JittgT/viFhiLeduxn/vibbb^ 

35iJ 

W£ OF iSMfftfKff 'TH-fcffi* FI ffl FC Nffi, 

"IMliStih,. 

i£ 12.7 £1>B 12.8 K(s)*S i'J‘*tff.* — 

Q6^« LFT,HP K(s)= F,(J,Q)o ittlTo.^JW 
12. H K S^WQUm —•'b&SJnl 


mm, as 


Q: = F,(J ,K) 


j = 


r a 

•r* 

L 


I. B 2 ‘ 

o ; 

j d 22 


It't 1 ■; 

Sli*, ,J?f m 

,fiP4Wi±1S DF w OE |’uj@+ A B,(\ ftl A 
- b 7 c , r#o 

Sft OF f5)®« -*t®iC±pg® 


r fi raig,. FI )»i@.HftftSIBStt, 

amtfe^#Brf0j'ft,iA(A,B 3 )*a^>giKj„ Y£ati-wisia f.a*. 
of |nisaasiJinT^* a 

« 12.13 4" L, ft F & A + L, a A + B.F &&, fflJfJf Yj G M S 
>e »i£ ® »/ Jifit * F, (7,;, Q), K +■ Q e -v_-v (F ,£ , 

|"A + li 2 F + L, i L - B,' 

a,-I f '"I 

i til !- » 

L Z ,L = (X; L 2 )^tA#i|^ 

m 1*1 # fa , ii 





360 


JittgT/viWiit^d^n/vibbb^ 


b, - [i o], D t2 = ;o r , d 21 - lo o; 

FC fnJflfiftr^3SW OF = 

DF(OE)jgaftLflIW^^i* OF Jfett 

D 2l = I(D n = I)& D,, = 0. 

S 12 14 -5 Jg DF I’C] JS. ftfKift ( C-2, a , Ih ) ift Tl IW £ fill W “T 16 f«l 
(f!l, tFfllt ftSM&A + LC 2 fll A t- B 2 F ..WSflr-Wffi G rt 
eg;Stie-Mf|FJ#g;-(t,*F,(J r) F,Q),QG,x’^„,KPTlll'R v fl 

« «#i£ias 

U - >' 



J.,, 



A + 1$2 F +■ LCF 

-L B{\ 



_ 

Jdf — 

F 

0 

1 1 


ra 


Ci 

J 

0 j 


a 12.8 jH '# V >‘ ‘- K-JG J 1 !’ 12.11 FTWfllU Alias 

i 2 . ii s* i 2 .i 4 wmmfiMo & ] }\m u. n a - n,c 2 
r L - - /!,,£«&* 12. 14 


12.4 

‘TTtwS'f%|e|jEA-?: 


^oa# f»l ffil#A h B 2 F fl)A 1 LG, H£sttliB£3 12.8 
'P&a&st/fe.X.'j' J, 7JE:J£iftge;i££i||*l1KsEMiFMSil^ K l&'|£ 
*SE*l|iffiai 12.3 4 J Mi£M,#a.,K = F;(J,Q),}lrf. ! ge^„ 
& I + D 21 Q( oo)afas„ 















JittgT/viWiit^d^n/vibb^ 

361 



m\2.3 

g(& G 22 m--^TM«^ 
^*E&rfrtl#§i* --ASWi®fr!l 0 iS iTiJ ,U ilE, 7k (y , .vi) ^fj( « , u i) J'u] 



|eJ#^uE,>A vi ^J 

mm mm £ &Mf—^4rm 

^ssaaisffi^m 

Tc c 12 m k F-faammmM, 

•mm 12.151& g 22 w k 12.1 ^ kj ^ sbi - 

r A ; J^,i 

- Q | 0 J 

S¥. 


A ’ = [i X]- fl -= lol’ r *' =CCa 0J (12 ' 3) 

























362 


Jitt£ 7 /^bJiit£duxn/vib^ 


S. A a K ntfkUTBlX: 

~ A* i B,F e -f L,C, i L ( 1 

K - -- .. -; -- (12.4) 

F r 0 J 

4t n. A f . I K,F r iftlA, H L„C t , 

i£^: tfJIt'Kfc Q , K Wfiflffl 12,3 

26 k ui^^r^TFjy, it q m -tM/j^i : 

A fi B» 

C a \ 0 

U3 Q € t, 3 t ^ A^. it: If, ,/H o jr ftl .r„ -rh #Ij 7J-T J Q 

tt&faffi.tfieBa i2.3 

2 = (A -i- B2F + LC2)-t — Lv + B2vj 

w = Kr ■•- j?| 

«i = - f- 2 ^ + v 
>r„ = H t 

,Vi = (2Vr a 

-r„ = (A,, h BJ2 e + L,c;.) _r, - L ( .y 

u - F t >2\, 

jam 



■r f : = [■*'], F,: = [F Cj, /.,: 

1 - J 


L 1 



□ 


12.5 

IfcSS!) M. iv 3 ; ti'-i IS] Jf ft : it ffi ft te - - f- S. 'ft ^ it 3£ ft. 
?.(«,K),JMl,K#f6- K fiGjj&Jt. 4IS 12.3 

'I'fFl^fi'^ U *.V^SIJIS 12.4, T JE—H 






Jitt]37/vibJii^ 

363 





m 12.4 


z - F t (G t K)vL> - F,(G.F,0,Q))w - F { (T,Q)w 

(12.5) 

12.16^ F mi m$A + BF &A +- LC MMH-- 

t- te iH mn f j & pf nmmm h r ^ m? MHmvt&ftMm 
M^^=F 

F,(T,Q) = IT,, + T 12 QT 2 ,:« € JWoo.I + D, 2 Q(«>) Blill 

K+.T tiiT^rti: 


_ A + B 2 F 

- b 2 f 

ih 

B<2~\ 

0 

A 4 LC 2 

B, + LDn 1 

0 f 

Ct 1 D 12 F 

Oy Z F 

£>n 

°<2( 

0 

r 2 

0 2T 

0 _ 


ime: -mjz&itmm&m®»m 

sj, n 

Tj,-0, 

sl^i q w—t-ftfja®. 


12.6 Youla#M 


ft * ■is-+, m -w « £ & w * %.it # « ffl ft-« w ft. ® w A' 















#. if] ft ft 

36d 


JittgT/vibjhited^n/vibbb^ 


£1 J2.17 ft G 2l ~- NM~ % = M 'N ftWJJ&ft JVJf,,. ± G 22 lW 

ref « left JSlHgW^SErt^^MWffTTHSiilKMIif fit) *•£■»!#»-ft: 

A 

X - ( U„ + MQ,) ( V 0 + NQ r )-' , dot( I + V 0 1 iVQ,) ( « ) ft 0 

( 12 . 6 ) 


a ##©■&* 

K = (V„ + Q/Ny'lUa i Q ;J W),det(i + Q,.VV 0 ' )(«) ^ [) 

(12.7) 

Jt’t’ Q ; 6~VJft 0 i4fi,LT v ,V o ,0 () .V ( ,e^„flSJS.IJezoai1i3? 


V 0 M - D 0 N - r, MV, - iVUn - i 
ilt^, * a# U e , V 0 , Cft, Vc ft# u„ v 0 1 = v c 1 ft„, Efl 
r v a - U „1 rM f4i _ oi 

' - N M J Lv Vo J~~ (0 / J 


3t r f 1 


K -Oft + MQ,)( V 0 + .VQ J 1 r 
(V' c +■ QftV )■'(£/„+ QyV) = 
ftO,,Q 3 .) (12.S) 


Q, ft ^ J-.iRfi ,ft#t i + v~ 'mq } ){oo) iijjg,_, 

fiESfl: ft ft if W Fll ft f 1 2.6 ) (ft 4 ft| # ff ffc c K P, ft ti R nf] 


U: = U„ t MQ ,-. V: = V„ + AQ, 






ht^T/vibJiit^duxn/vibbbs^ 
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MV - NU =M{ V (> + NQ r ) - N( V Q + MQ r ) = 

MV o - /VU 0 + (MN - NM)Q r = I 

S.10.K 

&z,m$ k *\ 

X (ft ref: K = t/V -1 , SPJ*^[® 5.10.Z: - MV ~ NU # 
tJ u + MQ r = LIZ -1 (12.10) 

rhu^^c Q r .tt 

Q r = M~HUZ 1 - l/ 0 ) 

IMJ ^ Bezout tM #r & . ^ 

V 0 + NQ r = V ( , + JVM -1 (UZ 1 - t/n) = 

v 0 + m 'jvo/z - 1 - r; 0 ) = 

M ’(MV'o - ivu 0 + NfJZ -1 ) = 

m~Hi + NVZ ’) = 
m~Hz + ivu) z 1 = 

M _1 MVZ _1 = 

VZ~ l (12.11) 

K “ L/V 1 = 

( u 0 +- MQ r )(V 0 + .vg r ) 1 

Q, M"P^^.#5t^(12.10),^lH)AjC(12.11)M^^ 

MQ r 

Qr ^ (V U M - U tt N)Q r = V 0 (MQ r ) & 0 (YQ r ) € «*-*«. 
ftj&.ft 1 ? VfllZft* = ^^^^nn^^^ijilj^(12.11)^ V 0 + 
NQ r V 0 'NQ r \mm, 

(U 0 + Mg,)(V 0 + NQ,)" 1 = 
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JittgT/viWiit^d^n/vibbb^ 


U„ V 0 -' + ( M - U 0 V„ 1 N) Q y ( I + v„ 1 NQ y ) ' V„ ' 

& u tl v„ l = v; l u 0 ,^ 

(M - U„V„'N) --(M - V^Do.V) = 

Vo^VoM - LVV) = V - ,, 1 

21 

K = U 0 V 0 ‘ + ^,,'<3,(1 + V~ l NQ y ) ’V* 1 (1-2.12) 

□ 


* i 2 .i 8 k-Miiswa^i k = 

t/v 1 - v 1 u,J9J g ii#fiP$ Q v e Youia iT 




#1* 


Q, = M _I (UZ 1 - U 0 ) 


Z: = MV - iVU 


t w. a fn «f m sl &. 11£ Bf # at s a su is # » 1 j si ® ft =f 


»a lft g sun a w # «it ^ fai w mM * , 

5£S 12.19 ^ G 22 &9*lSJ8W3;#»j4* 
f A + B 2 F . B 2 
F . I . 


fM t/ 0 1 

'n vJ = 


l.C 2 


+ D 22 F Dr 


- L 
0 
/ 


A + LC 2 - (R 2 y LD 22 ) Lj 
F 1 Oj 

. C 2 - D„ lj 

F ML + B 2 .F fPA + LC 2 ISjffiSEo WO J, BJEtj 

j r A -f L 2j F + LC Z h LI)22^ - L B 2 + LD Z2 ~ 

/, = 1 f ; 0 / | 

It ~ ( C 2 * d 2 2 F) i — d 22 ] 


^ 0 _ t/o 1 I 

- ,V M j" 









it 12.9 ViEl 12.8 K„: = 

l/ 0 V 0 1 


A + B 2 F i LC 2 + LD 22 F : - ‘ 




F 0 


12,7 


FI, DP , PC ffl OE T=i ^ lij Doyle T Glover, Khar- 
gonekar Francisf 1989]^$£&: GOJi^l Aft}, Rife 

ft Eu T Zhou Doyle[ 1991 ] ft] jt ^ ftj ; Moore ^ [ 1990 . ft} jt 

Youia#&ttA&*i£ 

Youla ^[1976] ,Dcwerf l 1980] , Doyle [ 1984] , Vidvasagar [ 1985] 
PU Francis [ 1987 I ft] Tfc b% ^ j££lj 0 rfljtfr#—ft 

0 Mi & Youla pn Bongiorno \ [ 985 ] & Vtdyasagar [ 1985 J ^ Hi 


ftj 







Jitt£7/^bJiit£duxn/vib^ 


ftifc Riccati 75 fi 


ft m # ft m fn d & » & T Lyapunov ft ft), ft * S! ft ft # » 

ftffl A® Wff fflc, 4SHaft>f , -fttt Lyapunov S5S;»J-K 
Riccati Afi.fST^ ft ARE, ffli&ittijj, , Lya¬ 
punov ftS ft ^gc5>^ hSftftffl,® ARE 

Wttftftffl ;ft#Jifc,ftfnii|ft J / 2 ft] rfo.JfttftJSftJ+ftSIftft'ft 

ft A,Q fttR ft« X „ fflR ft *f ##,«!!- -ftftSfe 

Riccati MMlTSffiWirg: 


A " X + XA + XRX + Q = 0 
^ Riccati ftfgfflftlRM ft 2w X 2n 


(13.1) 



(13.2) 


&#J&5£ltt&|S$#ift Hamilton®Bo Si (13.2) ft lW)S 7/ # 
fli*iRft«(i3.1) Kuw, ifcjgS!U(H) (h WiS) 



ftftftiftts / 2 = - /„ ng 


r'H/ - - jhj -- - h- 


Hnt,Hfti-H's«-faM n ® a *-—- a tii 

a„ 

A# SftfFftftat Ricaati ftSAJtftl Jt WI'SJ^: ft'lftl? 
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i3.i is&wmjj @(i3.i) Bfimm,, 

.Hermit X -A©(13.1) 

JSi„ Hermit W -ji’Vtklli* 4 

13.2 ta *£«£*?» ifc^si+iaa* 

±J 6 S M KftSi. Hit, # «IWSSISIS 

13.2lfiJiJ'F£.£ttMB>!t. 13.3 Uf&ii] 7 Riccati ^rgKlRffl 
(EP*^sgfi/J' )»«&ec«itt®. Riccati 

13.4 t£ 

13.S» 13.6 P>K31A r£&g&«.Rrt05St,, 

1.3.7- 

13.8 IV'f'&ili. 

13.1 Riccati 

snTifea^di r—#*f*s(i 3 .i),i*. h wa 

sao.i 4 - vcc 2 '*- 4 h»« 



® Xi AhHSM.IM X: = X 2 Xr'S Riccati *‘S(13.1) t$- - 4 ffl 
fl»(t + KX ) = a ( H I v) O aifU.B X JiliT V 

iiESB : 4T v jft— 4 -/l A3E-? JbJ. Jitffiiftipi; a t C ■'* 
r /i r 1 r*i i rx, 1 



# # tfc- 
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JittgT/viWiit^d^n/vibb^ 


0=[-X HI 


,e 


n&,mr -x nzufUjmu.Dftm 

A R 

J L - Q - A* 

= - XA - A * X XKX - Q 

A + RX = X t AXr 

m&t,<t(A + RX) = c(A) 0 fMJI:, A J^J&UHlv 

,#£ j(A + RX) = <rC/■/ 1 y)o ,tfcS; M \f T: f^T^ftk^S4*. 

V oT %} 


! Xl 

Lx 2 


p = 


rx,/- 

LX; 


'I 

2 P* 


pjs*o hwm.(x 2 p)(x 1 p) *-«=x z x t 1 spot 

c 

je*p & ff j mm m m , # £ a & it # & , 

13.2 ^ Xe V^Ruxati (13.1) fa tfUU!]## 


x = x 2 xr 1 4-ft | 


rXj 


x 2 


Z?>\ 


; h fa* 

lEW: ;£.$(. A; = A + KX 0 ?Hlit X %$lh 

XA — XA + XRX = - Q A ' X 

XM1(13.1)^ flUjim 


Hilt, 


:;i 


' A 
- Q 

fa?iJ±J&H fa- 


A * 


;]■ 




•« ?t^3E f£M„ & £ X, i = I a 


x 2 i=x SP^TM.-, U 

a i3.i a# e. ?t as, * r is a y Ri«ati iiitfii.wMiij 

H »*«*'*?« M MttJfc«SIft„ ttjft*® r-'wMWfrS^; 
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H JUStEfnltto ft X,MH Eft 

/«1,*“.A -1,*,** - A,),^ *,-*« 

^ wii MtQ&rxft 

m^m,, m v, m& 

(H - k'l)v t = o 

(II — A : J ) ^ i + 1 = v, 


(H - AJ) v i + k , = '^^-2 

-M. span I v jy j= ?,*“,(' + £ - 1 1 Ja=r /f ^ j ^ |VjJ 

#1 13.1 4" 


- 3 2 

ro o 1 


R - 

L 2 1J 

Lo - l J 


H i&mtMM 1,1, -l, - 1, ifli 1 


n r -n 



-1 


“ii 

r n 

i i 

3/2 j 

1 > ^4 = 

1 

0 

0 

JO-1 

L oJ 


Riccati ^&50r=&)WtfjT®^Iii : 

• span ! v I , &2 ' £ H ~ (KJ: 4 V [ 1 J = L v i v 2 1 ,M 


X = X 2 Xi 

M -rm,v(A + RX) = (1,1 


i _ 


- 10 6 
6 - 4 






#- if] -ib ii 
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JittgT/vibjhited^n/vibbb^ 


span ! TU[ » 7,3 t Jak H — 


X = X 2 X 




*—Hfffl <r(A + J?X) = I -1, - It ; 

♦ span? v\ , j ,span j 7,2 , V 3 1 Ik. span ? Vi , 224 [ -4'iti H 4 '*'^t (P 
S f?I „ ® # nl W i£ BJ , * g » ft * «jg di (fS * Riccati j,- 

(13. DWSt, 

suaNij^it.is^gt^SJe 13.1 fn 13.2 fee 

SET® S&HI T — 'f- Riccati M A 1 Ten, lit Ff ( T' — Sg Ji & *t«?ft ) 

56 ® 13.3 V * — ^ n « H 2 f $ &$| ^ £ PI # 4 X,, X, € 

C 



i T > - 1 f ■■■, » » A, , Aj £ u{// | V ) , A, + AjT^O H'fr x; X : 


%■- Hermit , BP Xf X 2 - (X;X 2 )* c ift fftj , # X : 
m X = X 2 Xi J Hermit P^ c 

ft? V 

ff(A) = tf(H| v ) £ 



» o 






ftSilJ jh * Htrisiit Pm * k£xm»,H* II &grn >,M 
ifc,*g(13.4)Kl*fflS Hermit l^iiTlHiSA 



BP 


(- X,' X 2 + XI Xj) A = - A * ( - X," X, + Xl Xi ) 

i£;ft—-I" Lyapunov 1, +■ Aj =A0 , —#¥ : 


- x; x 2 + x 2 * X, = 0 


x; X 2 M: Hermit Pfo 

WW®!±*SI) X - (X, ') * (X,’X 2 )Xi 1 ,MI X * Hermit Pi 


&® s, m& j» 


c 


ffi 13.2 ft*s ,lkm 13.1 Hjfl-tfj ,&f|- A, + A,MO X*-f—f Hermit 




iu k sg a & m t—- rm yu'&mm w * n , 

/SIS 13.4 -t Vfj—tn m 4" X,, X, € O " * "ft 



v^*rex-ms9.EP v e vm®ve v 0 



Si, x Rtk a^jiio Sc TO, x = x 2 xf' = x 2 h (x,p) 1 = 
x 2 xr 1 = x msttmMmmi&gMo 

x-. = x 2 xr 1 * S«»J6> " r "Tk 



Rltfc, V .e^lEXtf^S) 



374 


Jitt]37/vibJii^ 


« 13-2 (13.1 )##«,# Hermit MMo i£ 

A, + A,^0, Vi,; tf-f Hermit teWM#} 

A/ — jic/j , j/llj A^ H' A/ — 0o v 1 



"1 

0 

°1 

1 

0 

_2 1 


1) 

0 

0" 

A = 

0 

0 

- I,,R = 

0 

0 

0 j. 

Q - 

0 

0 

0 


_0 

1 

0 J 

.- 2 

0 

-4j 


.0 

0 

0 _ 


MfJ H 3#tlE {jii A : — 1 ~ -A 2 ,A 3 — A s — j = -A 4 — - A^ 0 ^iiE 

“0 0,5 + 0.5j 0.5 0.5^f 

X = 0 0 0 

_0 0 0 

#M3fe(13.n,#_a,X @£*'££63^^ Hermit ft. 


X = 


"2 

0 

L 0 


0 

0 

0 


O' 

0 

0_ 




o 


13.2 «^»»Riccati#^ 

H td:(lt,PllJ‘l2'& RejrCO n Wffi 

^.w Re.s > 0 n ^MW}^ n 

X_(H)^y ^ Re s < 0 X^jRg ft! 4^ &'^p £ 

|o], Rqs >0 ft/#fiEfg 0 ilii3^|? x 
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3*¥.,x,,x 2 ec”''”, ; (Xi #1 Xj nl3S>J'A : teW)c 



(13.5) 


*S+MW,nla X: = X 2 X,\M X &fi H Bf-MUllSEK',W H— 
X £ -4tfiSit,if! Ric i/Ko «n/B c(ojh (R/'c)-S,S Ric (ftljSX. 

«C,'b’ChaMSnTM^ttMM Hamilton®^ H ftlfi-.TI £tf$S± 

* ffiT#^ , 

"Bin 5>@l ffiKu ** st'M fu x , jtIB # * •& &. *f o W Jtt, x 

= Ric UD& 

Ric: dom(Ric) CZ IK ln/lK —» . »'n 

4nT!&»l6<J*i!rj|t*&lil7 X 

, H M “F rfow {RiK) 0 

£S 13.5 &H€dom(RU-)&X = Ric(.lI)' 5!( 

(i) X 

(ii) X Riceati 

A' X + XA + XRX + Q - 0 
(iii U + SXfiKtt. 

ffiSB: 

(0 4- x,,x 2 Au±W®f&)i!.,JiM'-fj 


x,’x 2 


(13.6) 


a— m . , a® si —tv. 



(H_;6 HI j ( H )W-tfiBSS)ffl 
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£5B&— 'tU MM 


X,l 

r x i l 

rxii* r 


]H\ 

1 j 

X 2 J 

Lx 2 J 

L ^2 -J L 


(13.7) 


if jh JlX>lffcW,ift*e(i3.7)W£ft*xt®:W,lJnJt ; &j&t!2Ji 




(- X- X 2 + Xi X, )H_ = H' (- X,* X 2 + X 2 * X,) * 
= - H“ (.- x j X 2 + X 2 *X 1 ) 

Lyapunov *6, tllTH Hi®, 


- X," X 2 + XI X, = 0 

a*tffiBjTiCa3.6) 0 

if x, ###as x = (x, *)’ (X,- X 2 )X! 'MX ikrtfo 
Wo 

(h )>k-im 



x, 1 


H Lxl= [i]*." xr ‘ <13K) 

BE&.fflCx - n&MZ.: 

[X -i]»[y=o 
Riccati #$Lo 

(iii)ffl[/ o]£j|e^:(i3.8)f#f0 

A + J?X = X,H_ X, 1 

Sj% H- A + RX □ 

r F, 

■£*& m T #S (13.1) # £ ut- *s£ If W ^-g FB ft 0 




# •£# 
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mm 13.6 & h 

M H€dam(Ric)r^KU^(A,R)£p 1 $m{&t 
uEffl: {<=)%vF.W H€dorn{Ric),‘$mWm 



-^&Jtl3.5«i£iJ&-#,£jSt 

X^XtJI- MW 




X, fi#Tt#W,EP KerX, = 0, fi'Tfc.KerX, ©ft 

H 3fSEW& — ,'S,^ ^eKer,X,„ mil 0] 

( 13 . 9 )ff Stt 


AX, + RX 2 - X,H_ 


(13.10) 


ffli'X," Slftvr *X, *4'»(#MsUl3.6))3 

—*£ff8J 


x' X{ RX 2 x = 0 


&T r s^sfKi.aita## Rx,.r = 0c M&,m x &&& 

<13.10)*#@| X t H-x =0,gp H.j€KcrX,= a«tiE9g7Sfl]M 
rfeWo 

x, KcrX,^0 o J4U 

H- M ,S“Wffiffi 3 &— : 


H jt = A .v 

ReX < 0, 0^ .r G KerX 

ffl[0 i]^fet(13.9): 

- QX [ - A * X 2 — X 2 Ji 

m .>■ fimvuiJTmRmmJtas.u) 


(13.1J) 
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(A* + U)X 2 jl- = 0 


E*f T RX 2 jc - 0, W 

r • x; a <- X/ si = o 

x 2 j=ih -fa® x,x = ow x 2 j-o*sj 



(■=>)aSM»,W» H€ dom(Ric)aL-& X '*£*¥ 
it A + fix Britten „ □ 

sea i3.7 a h n^jgis; 



M HGdom(fiic),^M'(Z^(A,B)J6Br«3£WiaS(C > A)*d|tWl 
ff.l; Hedom(Rit),P!IJ . V = fi/rCfDSsO: 
Ker( X) = 0, S-S.&3 ( C, A) *»(„ 

tt.tH Ker<X)CZKer(C),4fc//g XM ~ C“ *f M &#«?,- 
tft^F-lSffd X'c'&au 

fiE (E : Akj£ m 13 Wj JSL, ( A , B) «| w , £ H ft A 

»± x .wtifi, n ## w o st-ct.* ffioi? a ® & < a , b > * xr 

mt, h * # ffi ta, a & {si n (c, a > * & «_t x * nr 





(A - yy;/).c §* BB * z 
(A - Jod)* = - C* Cr 


(13.13) 

(13.14) 


-,(A - = (z.BB* z> = ||5*z!| 2 
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- (r,(A - jwl)‘ ~) = U ,C* Cr> = II Cr || 2 

- li Cr II 2 =<(A -jwl)x,z) = 

TTjA^UZT = li B* s II 2 

iSii'^OS Cr =0, ISjft,^li;<13.13)ffljt;(13.14) 

( A — JOJ ) A' = 0 
(A — jail) * z = 0 

z'[A - jail B] = 0 


lJUC^ = Oo dWtfliM, 

nnk,n. X: = Ric(H)o XXU Riccati 

3f@JnT: 

A * X + XA - XBB * X + C * C ~ 0 


(A - Bfi 11 X)" X t X(A - BB * X) + XBB v X i C* C - 0 


(13.15) 


&MM a - bb* x 

x = f 

Jc 


e M “ " } * (XBB* X + C* C)e^ 


(13.16) 

0* XBB * X + C * C XtfeJS^TF.^I&o 

^kM KerX 

tJTMtmiH&o ^ ^6KwX t J)Pj Xr = 0 o tfj x * 51^^(13.15) 

* &mznm 


Cjt. = 0 

aa# t &m^(i3A5)mii 


XA_r = 0 




## 
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Jitt£7/^bJiit£duxn/vib^ 


*ilt^^&Ker(X)£ A *3E?s£fe] 0 m^,ZKci(X)^0,m 
## O^xG Ker(X)^fl t A tf Ax = A f = (A - BB “ X)x R 
C.r = 0o Ftl-T{A X)J^m7E^,ReA<0 ? ^C A 

A,SP#£ x &#Ar = Ax,Cr = 0 o ^ r ' JR x Rie- 

caxi^mmi 


2ReAx * Xr x * XBB * Xr = 0 
i& r *Xr =0,BP X 


c 


«i 3.3 &^mT%W(c.A)&}vmmmt-r- 





^ 13.8 ■©CA fJ B)^ffT^a^J t (r f A)J^AiJ^^ij|^ j jjjfj R lccati Jj 

m 

A* X + XX - XBB M X 4 C* C = 0 
iiH^ : Rlccati ft?/E$?-#JL t^ 

w- ^ - umm^mm i«- -&,t&$$ajn^ 

XX) ^A^iti: Riccfcti = ^ 3t, 

(A - BB*X)*X + X( A - BB * X) + XBB * X + C* C = 0 

(13.7) 

^ A fn.r fr»lX,A - BB- X 
fih ;■■!-*, HP 


(A - BB- X)x = 





Jitt]37/vibJii^ 

3SI 


jr'mjc 

(A + A).r # Xr + .r * (XB/i * X ^ CC).r = 0 
Re(A)>0^ 

B * Xjl = 0, Cr - 0 

- A.*-, O = 0 

Hitt RetAXOjP X> 

0 £&&*¥<, □ 

SMi i3.9 & = 

[A-jbil B 1 

(0 [ 

(ii) ((/ - DR 'D^C.A-Bir^Y)^^-! 

SftiRlittB&iSo 

UEM: i%j<o M((I ~ DR 1 D* )C, A - BR 'M* O^^il) 
W£3*,Jiy#£->h .r^0{4f& 

(A - BR _1 D * C)z = jots, (I - DR " 1 D * )G; - 0 

BP 


r A - Jail B ] r 

1 opi 

i C D j L 

R 'D ' C I - -0 J 


r A - jt^r B 1 

„ c dJ (13ls) 


❖ 


j" ^ 

L c 



- 0 


1 = [ 7 
y J L- R 'D*C 
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R 


[ J W ' 0 1 [“U> 

LvJ Ir'd-c jJLJ 


(A - BR ''I)' C - jwl)x + By -- 0 03.19) 

U - DR-'D' )C.t + Dy = 0 (13.20) 

JHD*£*^U3.20)8£!l;y = 0„ TJ&ff 

(A - BR-'D‘ Ox = jwx, (1 - DR X D’ )C.x = 0 
SP -DR'D’ ) C ,A - RR-'D‘ C) &}—t * ^ M « « 

□ 

ai3.3 % -t- d.[ ,m§\D ± dr~' I2 ]& 

HSEWOfS. D 1 Dl = I-DR-'D' „ 

hiE i 5ia't , W^ft(ii)¥fiEU>lC,A - BR 1 D* OJE^GliEW* 
BT*S!im5So D M&Jtrmkti. A - BR 'D'C 

jtm&m m„ i^a*si;£ir c=o,&#(io$js(c,A)s 

*13.10 « D = D‘ D>0 o -$■ fiMWTiS: 


n 


r a o 
i--c*c -A* 


H <“„I 


R ‘[D'C B ' 


_ r A - HR ' n • r - BR 1 B ■ 1 

L- C*(i- OK-'D*)C - (A - BR 'D' C) ' ' 

JCJ H G do™ ( Rie ), ^ H tZ IS ( A , B ) g Hi « & (Hi il 

^ ^ ^ to ?!)?S^o H£rd«™ (Rd),JJO X = 

Ric(rr)>0 ; m Ker( X) = 0,^JHZ'^ (DJC, A - BR 'd ‘ c)it 

ffiflS: &JB3US 13-9 fll&JI 13.7 figs. c 

ii 13.4 SrjSL,(D^C,A -BR- , D*C)KlBj^®l'tt(Oai?i!lf4-:)^ 
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la I-.& 13.10 i|’W Riccati .B) 

WBj«fe-pfe-FP(c,A)wnmiraeftUiKo am.KUK d"c=o,b[j 
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/JSH* y 2 » RUtfiESSI v, *— 

SPA - bb ' y 4 JdfSffiiM.. ai?D,v 4 » y, 

'WA?, 

#^#lSR;ecati;jffi(13.1) 0 8 X.lSX *t JiQ ( 13.1) Wffi 
Hermit#? X $£ , (13. 1 ) 69 —-f- Hermii # X, * — 

RIS,® X_<x *f*-e(13.1)6<J/jJf<t Hermit Sf X 
81(13.1)69—Hprmiti?*—A'«&,* 
69o 

Wttjft, 31 asut - tfeimift : 


Q(x): = A‘X f XA + XRX + Q (13.21) 


13.11 © R=SO # -t Hermii Sift X = X* 

Q(X)>0„ 

(i) S(A,J?)^»T«Sfi9,WJ Riccaii*-e(13.1)#£ll-6<J 

MXm x + q ffiffi.xj-ftfrir-ffift Q(X)>o »x,4' 


R o(A + RX , )CC.„ 

(ii) ®(-A,R)*bI«S 69,W!) Riccati #8(13.1 )?F&iii-- 
Wft/h# X_„ Q(X)»0 69 X.fl 


X_s£ X 


& a(A + RX- )CC t „ 

(iii) ??(A,l?)JS:P]'S©,Jj!lJ XJX jftifij. 

X + >X-,=H_R&3<t(A + RX )cr, + olltBif 



(iv) ig Q(X)>0,R!l(i)*i(ii)'t'ft9Sii£nr4)-»Jl)B3g|* X + > 
X,it(A + RX » )CC _* X- < X ,o(A i RX-)CZC , „ 


>+ & -> O » 
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3S6 


iiER^ : 4 V R ~ ~ BB* B l&lr.* (A,R)&uI&Zl 

(i) ; ^ xm§Q(x)> Oc 
ft —1" 

= A -\ BF 0 

X 0 ic Lyapunov jTf& 

X o A 0 ” Aft X () + £ ft F 0 + Q = 0 
mm—m ,WJ X 0 £ Hermit Ifto fcSL 




F 0 : = F u l - /T X 


(X 0 - X)A ( , + A 0 * (X 0 - X) --;P C - Q(X) CO 
A 0 

Xo^X 

ilx 0 JFM,SftJg£ —Hermit & fft Jt : *'J > X f ; „ 

n\A\m- ^&m--n : n \ f, \ 0 

'' ^iraai» - 1 ft,tl%LfeSLTm4\Xf' , M,f ffl{F,! 

X, ^ Hermit 

X f | :::- :; X* A '* L' X Ti _ J ^ X 
A, = A + BF, i> = 0,-,* - 1 

F, - - B’X,.,, / =- l,-, n - 1 

+ a;x, - - f;f, - q, i = o,i,-, H i 

( 13 . 22 ) 

T® ,31A 

^ - - iJ # X* , 

A„ = A + BF„ 

M&iiEfyl A„ Aitfc,^Ji^^(l 3 . 22 ),^ i = „ , 

—X., _ !^X fl >X #J Ho mi it X H o 31^(1ftj j£( 13.22), 
1& i = n - l,#?ij 
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X„ jA„ + A„‘X„_, i Q + F‘F„ + 

(F„ - F„ ,)* (F„ - F„_!) = 0 (13.23) 


(x.., - x)A r + a;(x„ , x) = 

- Q(X) - F„*F„ - ( F r - F„ ,)*(F„ - F,. ,) (13.24) 
S81SS A„ A,*S.Re3>0 VXR x^O, 

mmA«x = te o x fi*^(i3.24),fl 

2ReAjr'(X„ , - X)x = - x * ! Q(X) t F„'F„ + 

(F„ ~ F„_,)*(F, - F„ ,)! -r 

iT«f x„-,>x, 

_r' (F„ - F„ ,) ’ (F„ - F ,.,)x = 0 

(F„ - F. ,)x =0 

41 

A„ ,j: = (A 1 BF„ , )* = (A + BFJ.r = A„.r = A.r 
3^ A„. .Hitt, A„ dLjfttijE®:, 

$6^1, X„ y^l Lyapunov 

X„A„ + A'X„ = - F,)F„ - Q (13.25) 

«*—»,M X„ * Hermit |S$ 0 

(X„ - X)A„ + A„* (X„ - X) -- - Q(X) - F„ 1 F„ < 0 
?1|fflst(13.23), 

(x„ ! - xja,, i a; (X„ , - X.) = 

- (F„ - F„ _ x ) * ( F fJ - F„ ,) • . 0 

WA, JilS&ltt.iliS! 

„ 1 > X„ > X 


x, 



#- if] -ib ii 
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jtt,«K 

X y i - limX„ 

W-&,* Hermit I^Mtl X,>Xo ffirC (13.25)+ i&tS K n—<», 
»SUQ(X y ) = 0 3 JS*-®Cl3.l)W—t«f= [ii T- X * 

#je y(x)>o ttfitssM x y ai!*r-x 

X f > X 

ttS'Jib.X/ JSrRiccati j6rS(13.1) , EP X, - X . „ 

A, *m8» £8®»„ 

A Iffl * x, 

^wtEffl^iEa-^Po «—■ 

CO 

A «-- A;X -— XiXx - X 
(iii) X,»X. MlfftttJieST; i)*l(u)o -> A- : = A + 
RX, :SE*BFJW X + -X >0,aJ.ai5ff(A,)CZ) ,©t£ 

A i* (X + - X ) + (X,- X ) A i - (X,- X_ )R(X,- X -) = 0 
(=*■)■ SX t - X- >0,H(A + ,R(X, - X. ))Jg.'n:tSWp 
Htt.*® Lyapunov ^11 .ftflli#(Hrnife A + = 

(^): SE-&S A f JIS5g»,X ® Riccati *18(13.1 ) 

A; (X, - X) ^ (X,- X) A * - (X, - X)R( X» - X) = 0 
MflSJtf&iSf« li ^(A + ,R)fi nTJSM,ii — -O'S-ff— / 1~°SH!l6'0 

X.-X - (- >''dr) ' >0 

MU g#J$t£f®#.&gu§l& m 

(A + RX ) * (X+ - X) 4 (X + - X)(A 1 RX) 





Jitt]37/vibJii^ 

389 


H* x + a(A + rx)c ;; + 0 SJi«Sx = 

X , Rtffc, X* > X- o IWla, X. - X > 0 , SiB.'Oia o(A + 
rx. )c;; + 0 

(iv) ■fiat X + ttti»WJgiiE« 8 ;X_ ii-WiSl* 

(i>,£ 

(x, x)a + + a; (x,- x) ■■ 

- fl(X) + (X + -X)R(X»- X) < 0 (13.26) 

fl X + -X^Oo 3HS&X, 

mx, - x) j- = Oo m x* £*.£( 13 . 26 )#-jh x 

X* ff(X)x = 0,jTft.A + XX. fit Hi & ft til Lya¬ 
punov *e JB HP @J o r_ 

a 13.5 

(i) F 0 ,ffi# A 0 = A + RR 0 ttffi i 

(ii) M X, :X,A, + A,*X,- + F,‘F, + Q =0; 

Oii) *Hi x. - x,-, ii < e = /e is,jfljf#it, s jwj,$$ si 

(iv); 

(iv) ^ F; i! - - B ' X,- WA, + t -A + iJF, + .,ft : SlJ(ii)o 

£ 13.12 ^ R<0 #-8t(A,R)ft^TftW,X 1 ,X, * Riccati #g 
(13.1)«JW'1'W<, W X, >X 2 IIW X, - X,,X -X;,cr(A- 
RX,)CL - W.K ff(A+ RX 2 )CC, + „ 

T«*?g(A,R)Mrir«^ttX'miiE7/e(i3.l)M-^*/j^ 

Hermit (WMff&ttiriJ rfJ£*?E 4 )-M* 

W 13.5 )- 
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, R - 
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.f 1 °1 

Lo - 1J 
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5 l’|nJffiHJ},S'if¥( 13 . 1 )W)iff't Hermit Fitgh#, : 
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4E ^ m ¥?M ^ -SL 5 [ I ^^ 4^ frlf in 1^1 u(5 ^ ^ &J Riecaii Jj 

r>o= i&mr&^£ftuu&±mjzmtf}— 

m 13.13 Hermit X = X % ($f# Q(X) 

<0o 

(i) ?r (A , R ).H:W fll/I- ftll, jUU Riccati 4 j^S( 

— X- o Q(X)>0 tff X 


X 


£ cr(A + RX-)CZ;, 0 

(ii) ( ~ A ,R )Mz ,^1 Riccati (13.1 — 'f' 

x + 0 iam,*fj?fw^ £(x)>o x,*r 


ii <r(A + RX, )dZ T , 

(Hi) ^(A T R)^3|^^j j ^rJ x t %\ X tyTffi E<- !*£ |flT, X t > 
X. s ^_a{£5 <*(A + RX )c,; ,cr(A + RX-)C. . + ,iM, 



X*- X 


(iv)^r Q(X)<0, (i)fti(ii) + ^ B r J iJO 4M *k X, >X T 

a( A + RX + )tZ /; f fOX < X , a(A f RX_ )C1 \‘ _ 0 

iiEW: 13.11 L; 

13.11 Riccati — 
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H • - 


a br; 1 s* 

1 - P + SR; ] S* 


- BR/B* 1 
- (A - BR ps * ) ‘ J 




H v : - 


A-BR]'S* -RR/B* 

P + SRpS* - (A - BR, S * )* 
j&M, P S P , R s *0R, K R,>Q ,R.>i)* 

mim TftM: 


T: = ; 


r p s 


~ _ | t 1 S 

Ls* R J* P: " is* R, 

m X + mX + ftM H, *BH h Riccati 


S ] 
R, J 


(A - BR, l S* )* X \ X(A - BRPS* ) - 

XBRpB* X + (P - SR, l S* ) - 0 ( 13 27) 

(A - BR^S* )* X + X (A - LiR , l S " ) 

XBR; 1 ^ k X + (P - SR/S* ) = 0 (13.28) 

tPMM JH; £ Hermit ffy J 



K : 


K: 


JH t = 


JH> = 


P - srPs 
a - BRps 

P SR pS 
A - PR s Vs 
13.14 ®(A,B)W(A,6)^Br^fltla 
(i) a^(13.28)^T -'I- Hermit jftWA K 
X + m X + U&,&_\1 x + >x + (x. >X + } 0 


(A - BR, 

BRpB ‘ 

( a br;Vs x r ! 

- BR . l B * 


?K(K>K 
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(ii) ''? A = A t B = B %UT>T(T>T) 0 T&jj f? (13.28 Hi 

— ^ Hermit $?,M X + *1 X + #£#H X. - U\ >X, ). 

(iii) 2r T^O(T>0),I4!I X + fr&Jf-R X,^0(X + >0) o 


liER^ : <04- X ^^^(13.28)1^ -4- Hermit S? ,M 


f'rci 


= 0 


ULi -f- 

^<X): = 




i3.il3ts#sj x + « a- , >x m m a. n.. a*x 

X + »X MJm(l3.2S)t&BilT Hermit If X JjStji., X + 

i3.li v/.B(]fjjy 0 jtfc^ 

x,>x, 

(ii) ■> A = A,B = B #->X *A¥§(13-28) W--t- Hermit 
#f° id L ~ R;\S' + B* X)fn L= - R s '(S' + B* X),J® 


«,(X) = [^] k[^]= A-Xi-XA L’RJ.tP 

mii'S(13.28)^^ 

A * X + XA - L * R,L + P = n 

$>\sE 


«.(X).['J‘(K-*)['] 

= P - P - L ' R S L + L * R,L 

~ [rJ < T - ^>[* ] + (r - R)*R,a - u >o 

x + fn X*,HS x, >x, „ 

(iii) T^O ffi# P - SR, *s * >0, Witt, «, ( 0 ) = p - 
SR, ‘S • >0 o 13. 11 IPnJWSI X.tflX, ^--0 
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■> A,B,P,S,R J'jflr'hto P = P’ ,Ii 

- R * ,#S£.St—'NH Hermit -ta*l^@*SC 

0(.0 ~R + S'(si - A) 'll t B-(-sl - AT'S + 

B’( - si - A') P(d - A) 1 B 


- f B * (- si - A ' )“' 



S ir(.J - A) ‘B 
R J l I 


(13.29) 

?iai3.i5 & r 

1 A1} A PF.jai- ; 

(A2) I 3 ,E|J P> 0 si P<:0-,(A,B)ft JCO - 

jru-wjisE^nriaMwiSft&c 

UJinTJiife^ffr: 

(ii) Hamilton 

_ r A - HR 'S' - HR 1 n • 1 

~~ L • (P - SR-’S* ) (A - HR S' ) “ J 
ffi ja.oit'k-' 


SEBS: 

(i) =>(ii) 4" 


®(s) = 

"A - B 

. _ 
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- P 
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- A * 

: B " 

* - s! 


-C D- 


.S' 

B * 

: R j 

A - BD 'CS 





# _1 (s) = 
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- BR ' 1 1 

Si? 1 J 


L[P x S* R~ ] B x 
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£- j *.o £ £ 

3>- 1 (.s) itt- 'i'-fli i;, #Ii ,M, * H mEfft o 

(ii) ->(i) « « J 6 H W--® '(s)W- ■ 

-t tKl£ ■ jau >0,0 *(; R ■ 1 s * R - 1 B * ] , H ) w ■—nl M ill 

M(g,&,i£#£(H, T”^, 1 )« —Pies 

L SR 1 -I 

juldfi ‘S* R ‘IT 


t~.ro - [ 


Hx[) — j(x)QjL-$,[R 1 S x ft ‘B'J.i'o - 

0 



( jc»() 1 - A ) J" ! — 0 

(13.30) 

(jwq/ + A 11 ).r 2 = — Pj ! 

(13.31) 

S \r | + P * .r j ' 0 

(13.32) 



(a) ^fj£i& (Al)>iK, Jl][] ISM St (13.30) * r, 

-0, ifnMi*: 


(i 3 . 3 D,axiai* .r 2 =o,)i^— 4 ~#a<, 

00 ^r®S(A2)*K, 04^S(13.1O)Mfr x{ (j<o u I + A* ) 
-o.roiMS-M^f 13.31>,# j-;^, - Oo p fe£#to(p>o 
PsJO). fti Pa, = () c S a,—(I.S-L/xU 11.30) -&, Hf* 
ft JU o £ (P, A ) M ->NF aj Ml ft £ & „ y, -^T III , i£ .r, = 0 , PJ 

sci 3 . 3 ntni;(i 3 . 32 )iiifr(A,iim >»„ 

" _ pzo I "l 

©SJKH.i )«-- 

• SH 1 I 

Hk.wi&i’jvmtii-ftj'm, ~j 

m 13.16 ift ii >0 13.15 tf ® fKSCAl )l£(A 2 ) 
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(ii) Hamilton 

I* A - BR 1 S * - BR'-B* ] 

l - (P - SR S ’ ) - (A - RK ' S ' ) ” J 

ft ja, 

ffiHIU (i) =>(«)£». 9 IH! 13.15 

teSSHKIB-IIS 13.15,*{j»)= R>0 A dot ®O<u)7*0 J-mft 
«.Jt3E„ M <£(>,) >0= □ 

?m i3.i7 a a h.p<o 0 m 

(o m n 


3>o(- 5> = [S' (- il - A* ) 1 


xtjjfw <Kcj<°°sss 


_ r/ 1 O', ro/ - AY l B 

Jj ' i 

o j L / 


> o 

A * X f XA - XBB ' X f P - 0 


CiO -ft 

X = X*<0 

A'.VfXA- XBB * X + P - i) (13.33) 

& a(A- BB* X)C-Z o 

ilW: 

(i> 13.16,^(>) >0||Jffi- Hamilton 


r A - BB * ] 
- - P - A * J 

arm, Hzi^ 



# # tfc* 
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1 

r - 1 1 

\ A 

BB* ] 

r - 1 ] 

J = 

L /J 

Lp 

- A * -1 

L i \ 




Kjf 


r a - * i 

L - p - A r J 


jRzt' 


r A BB* 


C 0 


L F - A 1 

(<=) ?E^ttiBWn34Jtki>S±-,'t'*THiW£ffl i3.i<Xh)=>(a)M 

If Mo 

GO (=>)❖ p=-c*C2iG(s)»»=n( s j-A) I ii,Wo 0 (. 1 ) 
= 7- G~(i)G(.Oo ^0<7<1 

^(i): - / - 7 2 G' (i)G(j) 

TO^,O)> 0 , v». I' x r = x; «>,{£& a- 

BB' Xy 

A' X, + XyA - X r BB * X, - y 2 C * C = 0 

ifi®sea i3.i3,sM.x, #■»]&« m, bp# 7»<7 2 .m 

X 7[ 2aX, 2 „ *Ti£W lim rM X 7 X 7 *!£?-£ 0 

<7<l *^TT#W» 

feTw,tt ; es(A.B)jaisrfi?w„ if&fflKiaate nr&-«*,> 

"f Y Riccati : 

A ' y + yA - YBB ' Y =- 0 
A *ff(A- BB * Y)C ■; 

(A - BB* Y)*(X r - Y) + (X 7 - YHA - BB * Y) 

- (X 7 - Y)BB ” (X 7 - Y) 7‘C‘ C = 0 

X r - Y = fe 
Jo 


- I A - BB I r , 

i(X 7 ~ Y)BB'(X y Y) 


- 7 2 C * C]e ' A ‘ B r, ‘dl >0 

ft x, ffifTfiaWY^#TS,#i Iim^, X, £ t\, , 'f 
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X : " linij, mhLRiccan 

A' X + XA - XBB* X + P = 0 
R <?(A ~ BB ’ X)(Z.Z , 


[An A [2 1 

ru, 1 

L 

B = \ 

L 0 a 22 J 

L 0 J 


ttUA u ,B,)Ezv!ft.w,A u m o mn=F 

X]\ x^l 

X 7 = 

-(X[ 2 )* X$ 2 ] 

Riccati^iiJ^A'Wj© 

ACi^n t X\ t Au - XZBiBfX], - 7 2 C; C, - 0 
(An ~ B,B l X\ l ) v Xf 2 i- X^ 2 A 22 f X r nA lz - y 2 C\' C 2 ~ 0 
A 22 X 32 ~ X 22 A -22 + ( X \ 2 ) A)2 ^ A^X'ig 

- (X^Ti^iV x \ 2 - y 2 C 2 C 2 = 0 

& 

~An - fl,Bf XT, A 12 - B ! Bj a X^ 

A - BB X = ' 

j 0 A 22 

^ Yu* 

An Vn + Y„A n - Ynfl.fl,’ Y„ = 0 

- B { B{ Y„)C ; to JJfilM&.X^ y n 
^Oo Itfcfl*, X,, = lim^j X^-tfl, jg.ifc JEJlIl T Rierati ^Tf? : 
AnX u + X n Au ~ X U B i B [ X M - ( / Cj — 0 

tf(A„ -Uiiij'Xn^C-o Sylvester jb'^ 

(An — B 1 X n ) * Xj 2 - 1 - X ]2 A 22 + X tl A t2 - C* C 2 ^ 0 
Wp 1-0 X 12 ,j&^|13>; A,( A n - B, B, X t ,) + A j (A 22 )^ 0 , v A 

Jo j£Tfi],£nT Lyapunov M X n t 

A22X22 + X22A22 + X^A^ + A! 2 X ] 7 
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- XnB.B? X l2 - Ci C 2 = 0 

x mm 

;VJ -I XA- XBB * X - C* C = 0 
Jk a(A - e 

31 & 13.18 ^ ^>0, 

r 1 > s i r (vj 

A') 1 rj[ s . Jf 


1 

I 

'33 

II 

■e 

J] 

p 0 

(si A)-'B 



.0 i_ 

l 


JAM 


A: = A - ,B: = BR~ m ,P: = P - SR“'S* 

iflij ® (^J>O a 

IE BIS: 


□ 

T' s ] 


r P 

is* 


1 fi 

Si?“ 1/2 1 ’ 

II 

O 

R' 12 J _ 


0 [ ' 

/J Lj? ‘'' 2 s* 


n®. 


o 1 

R U2 J 


®(j) 


[B"( - 5i 


A * )" 1 


<p" (.*)] 


P 

.0 



&£,?(*)■** P 1/2 + i? 1/z S*(s/-A) 'Po MiZE 


A ) " 1 iJ 1 

<p ( A' ) ^ 


0(5) - [ (p 1 C J ) ] <£( A- ) 9= 1 { ,0 

TilrPm^iko u 

r^^^^^fF-.Riccau^^^P Hamilton 

13.19 ^ a.b,f, s,r ^w^^m«fctHj^pr,-fsSif# p = 
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(Al) A 

(A2) P P> Oflfe# P<OA(P,A)^> tt L 

fj 


(a) Hermit 


<D(s) = [i# " C- si - A* ) 



s ] T(s7 - A)-'B 

b'l / 


nmM 

<X>(>) > o 

(b) tf*P£-M£ 5 E|S£ x-x H 

(A - BP l S* )* X + XCA J3J?"\S* ) 
- XPP ~ L B* X + P - SR-'S* =0 
VX&A-BR l S* ~BR 

(c) Hamilton 


[ A - UR''S* - BR~ l B* 

~ L-(P- SR-'S*) -(A-BR'S*)* 

2. £qT&SHfe#tfh 

(d) nfSrfi' CX<»5£“ ,4(yuj)>0o 

■(e) ffttPt— x = x~ ,{£# 


(A - BR~ l S')' X + X(A - BR-'S' ) 

- XBR-'B ' X + P - SR 'S’ =0 
WSff(A-BR ‘S'-BR 'B*X)C3 „ 

SnT?, 13.20 

* 13.20 £)£« 13.19 *3H+(0)~ (e)fl:i®-^j*;l£, iJ#&--- 

t- 


O = M ' KM 
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jtm.,F=-R i (s~+vx)c mm,& x M~ l e 


&13.6 - A,J3)Wef«ieffe,W^aP. 

l!5«Jt*,R]gffi(b)TlKe)4fftf? X #»J$ritJx0t5£J*(<r(A - 
BR l S“-BR X B' X)CZr, + )W®&ajtM(tr(A - BR 'S' - 


RR *ii' X)c- + )B|JBr 


V 


SEM: 

(a) =>(c) MM 13.16 BPW#SJ» 

(c) ^(b) M®a i3.6i3.5 wBntai. 

(b) =>(a) a 3 X = X* A - BR 'S' - BR ‘B'X 

= A - BR‘ ‘(S* + 4- F=- - R- 1 (S " + B” X) 



IKTi® Riecati ^ ■# #ii i± ffi V- W ft »is Jf S 2E <I> - 

M~ RModj ^ 



(e) =>(d) "ISS. 

(d) ->( c ) -a s = ofn r- 13 .is #sij 

4 P = c: c, - cv c, it c, 
fn c 2 p ai 

- (al-P),m% «>0 

f±o 4- x, * 

A* X, + X,A - X,/18*X 1 + C,” r, - 0 
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Kit feM, *L®£® 13-7. X, &M, W A i: - 

A-3B* ^A=X 

Aj K A f AAj - AfSB * A Ci' C 2 = (> 

BflirlSW' *^#.*£££1311* 13.17 Wit Aj JS 

KflttiEfB 

i - ir (- yoi a; )-'c; c 2 o/ - a,) ‘b 

C 2 (if - A + BB' Xi) l B ---- 

C 2 (iJ- A) 'B[l + B‘X,(.sI - A) l fi] 1 
* X ( «5gMS 13.20,jffl 

/ + B* (- si - A ■ ) ‘c; C,(.!/ - A)“‘B 
= [/ + B'X^sl - A)" 1 £} ] ” [I (- B‘ X,(. s l A ) ~ 1 B ] 


®0«) = i + B"(->/- A") 'C,“Ci{><uf - A) 'B 
- B * < jiol - A’ )■’ C 2 * C 2 ( ><u/ - A ) 1 B ,-s 0 

Blit 

I - !( f + B* ( - /«! - A * } 1 X[B ." 1 
fl' (- >/ - A* )-'C 2 ‘ ! 

tC 2 (ja»f-A) 'B[/ I B * X, — A ) 1 B] ; $s 0 

/ - B ‘ (— jo>! - A") 1 C/ C 2 (jwl - A t )' ‘B Ja 0 

13.17 <t<A, 

-BB*A) = ff (A-BB , X)C;., jkiUtWMT 

r; 

t h m a ft & d> $t ± nr b s a o 
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m 13.6 ^ A=0,£=l f i? = 1,S = 0 R P = in m *(-0 = 1 

R <£(;*>) >0o M: Hamilton 9PM 



&&m±3£ftfcfc%RX=l Riccaii 



^ 13,21 i& G(.0 : - [^4^]€ 




($£&.& 7> II GU) II Me 

M - M- 7 2 /- G ■ G M —^'A'®(U£ 



&M 

J? ~ y 1 1 - D * D 
F - R'UTX + D * C) 

x=rJ A + B *~ lirc bj?_1r ‘ 1 

L - C* (I + DR~ l D* )C - (A i lift ‘D^}^ 

A JSMt/Elft f JH!j X>0 o 

arc: 13.19 

a 13.9 P = - G" C, S = - C # J D, J R = / 2 i-D H D^^Jffl 



A 4 - BP 1 D * C 


LiK l B “ 
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i$$$ebm u 

^ 13.22 i& G(s)< - [^- : -^]^ ^co.71 /> II G(.s) II » a JjJ!l^^ 
-HM# ft Sift Me MM- = y 2 l - GG- & M " 1 6 


M itt— 

M(.0 


\ A i 

- LR' 1 ' 2 | 

Lei 

R 1 ' 2 J 


i? = 7 2 r - DD * 

L -( YC* i BD')R 1 

„ [ (A + BD * R ’C)* C' J? _1 C 1 

1 = Ric 

L - RU + D* R-'D)B* - (A + BD' R-’C)- 1 

A J&ltSgW.M y>0 o 

ft iS-ffi j£ JaL , Kmtiffi 7 iuT Wit H 5«>JW*S*, '£ filing 

J6&« 13-19 fitlW^'WJ^o 


^ 13.23 ^ g( s ) = ■i'wasEW^i'r^awaia,, 

(a ) St G ' (>» ) G (/*>)> 0 Sf- #f # u $ A, #. 
I" A — jto B 1 

[ c paMf* JilSIft. 4- 


v r A-BR~ l D’C - BR ~'B’ 

X — Ric I 

t-C'd-DR 'D')C - (A - BR l D'C )’ 

amj? : = D*D>o„ Hij#anTits*WH& 

W- W = G G 

W l € 


w = 


[r-' 1 - 


A B ■ 

" 1,2 (D ’ C + R' X) R' 3 J 
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l c 

Y 


D 

Ric 


(b) G (> w ) G(><y) > 0 co }&$., Mif, 

\A-jco 

) I 

(A - Bfr R 1 G) ' C'R l c 1 

B(/ - D* R 1 D)B ’ (A - Brr RVnJ 
a^fi-DD“>o c 

WW" = GG' 

W**€ 

~ r a (UD f t yr >r l ‘-i 
Lc : R i2 J 

$m i3.i9 r 

JSt« 


^ 13.24 


7>0, G (.s-) = ^ h 


B 

D-l 


G 




r A + HR 'D f C ‘ BR _1 R " 

H: - ! 

L -C’(i + DR l D*)C - (A i- BR 'DAT 
SIR' 7 2 i ‘D*Do 
( i) If G II co< /o 
(li) ^(D)<7 ^hM 

(iii) cK D) < Y JJ.HG Jcwz ( Ric } c 

(iv) 5{D)<r s tl€dam{Rk )R Ric ( H )>()( Ti ( C . A ) £ *J 

iiEW: j&a II G II »< 

) : =- / 2 / - G 1 (, - jco ) G(jat ) = 

[D*(- jvl - A 1 )' 1 /][”* ( C ° 1 


D*C 7 Z / D*D J 


f f >w/ - A ) 1 B 


]>, 


Vi& 


x 
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\ A + BR 'D* C - HR 'B‘ 1 

i-C* (/ i DR 'D')C - (A + J3fi‘ l D"C)' J 

rj 

ft IV, hS 13.24 
?l*o 


i3.5 if. & m m 

*t—x missal* ctsie^j coi t 
G* 0)^0 xrKf^rWPSiB <u,KP to6 ■ (PR) 

ftfciBS g(j<o) + g'{ j»)>0)tfiw 
/*«■** 

$11 13.2S ]*G(.<)W — A e.$ 

1C : O J 

X>O r Q f ft 

XA + A' X ■=- Q* Q (13.34) 

B* X + W' Q - C (13.35) 

D t D* = W* W (13.36) 

m G(*m-iExm#R 

G(i 0 t G~ ( 5 ) = M" (.0M(.0 
L y 1 



"A 

0 

Li 

G(i) + G ~ ( 5 ) = 

0 

- A H 

- C 


C 

B* 

'■ D + D*_ 
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{ A 

0 

* 1 

0 

- A * ■; 

- (XB + CT HO 

B‘X + W * Q 

n* i 

W* W 




G(x) + G ( 5 ) 


1 

1 XA + A “ 

I W * 0 

r a 
1 

i - Q'Q 


1 


W* Q 


0 B 

- A * ; - Q'W\ = 
B* i W ' TV" j 
0 B 


- A' 
iT 


- Q* W 
W* W J 


IrA. 


, - Q* 1TA ■ B 1 
A Q ' W J 




G(jai) + Cj'(jco) = jVf * {jaj) iVf () ::i- 0 

cp G( s )^a;*«jo ®e,i±gpJK*fJViW »6 

«,M r^OM^ x€C‘ ift GC.OJif 1 

ftiEjeM. □ 

J£S 13.26 mA,B,C,D)& G(s)B-1'te/J'®a,A 
JL G(i)*iF,'JfS9c X>0,Q fn W.ffiW 


X.4 + A “ X = - Q ' Q 
Ti'X - W' Q ■= C. 

D t- D • = W ' W 

& 

G(s) + G' (s) = M ' (s)JW(.s) 

M,m(,) = (A A] = 3®-* 

ililM M(jw ) M w £r ?i8j 0 

iiESfl: M(.t) - 
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J ] ja Ajiatie, 

i J 




G(s) + G~ (j) - JVT (0M(.0 
fflA, X,>0 MPT Lyapu 

xai + a; x, =- or c : 


Af~ U)M( S ) = 


A } : -- Cj* 

fA, j Bo 

. b; i d,* 

Lcj ; d,J 

r A . o 

; i*L 

I -- cr c t - a 

r ]- cr / 

L A* c, b; 

; JVD, 

r At 

0 

,XiA, + a; Xj 

-AT , ■ 

L Dl c\ 

! 

A i 

0 ; 

0 

- A ? ; 


D j" D i + 


Lfi; x x 4 d; c, i?r ; d; 
a. i Hr, 
b; x j i d;c 1 ; o j + 
r- a; ; - curx, + d{ (\)*"! 

L J3|* i .0 .J 

g(*> + 

g(.v) k;- co = oto* + ' A -^l+ A *.. :l r 

to oi L S o 

A - TA l T‘% £ = TE?i 
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c = (B: X, + Di (\ ) T 1 , I) + D * = or Di 


x = ( T 1 ) " Xi T' 1 , W A, Q - C i T " 1 

U|J 


□ 


31 13.27 V A -S B 1G(.s) 6 A 

L C : D 

Hl5h,K: = D + G* >0 o m GG)J^F'$.TE^&I . it-a^^SuT 

Riccat i ®: 

X( A BR l C) + (A - BR 'C)‘ X 

^ XBR l B* X +■ C* 1? 1 C = 0 

I A : B ] 

jft*KM(s) = t i RMi/h 

LR 2(C-B*X) Ri j 

G (.v) -I- G "" (^) = M ~ ( j ) M (.0 

HEW: JMBjSfS! 13.19*1 

G (yct>) + G * (jw) >0 

rtBrG&ftnZ. <*> □ 

UA±m 13.27 1fe^#iU FWr«feWmH^>JIFo 

» 13.28 4- G(s) = [ ( A . ;;]c VA., if.;i. D ?T«#w ®G(>) 

G*0a>)>0 o> JjSil.ap G(.v)Ttitett-L-X'¥,^ 0 -> P » 

(A ,B) EftGramLan ; 

PA * ± AP i BB* =0 

MSC 

B w -= PC * + £D* 

XA + A*X + (C - B £X) * ( DD * ) “ 1 ( C - 7i^X) - 0 
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fflffi,## -'t' M (a )€*«*»«.,M '(sie.-V.^J 
G(s)G" is) = M' (s )M(s) 


aSM(j)- ■■;• 

L Cu 


-liM-ti-pf D w ,mn 

L) w J 


Du-Dw = OD" 


& 


c w - n w (nn‘)~'(c - b; v x) 

fiERB: aKE-tSiK^ 13.27 til G(jo>)G’ ( Ja >)>0 A 


r a ■ b w I 

r--v i 

- c‘ ! 

--r-- + ! . ' ! 

■ ■ + DD 

LC : 0 J 

L Uw \ 

o J 


- *j- fH it h sc 3> m -tii bt ?? u m m a „ 


u 


13.6 F*J fti P£ 


N HmSsNG AT ,M= /,pl!l#^3ljp 1 3 

fitiieh?; Ne^^A nn~ = i,WW#2js. 
AA 4 t.#ft,Wk%S-fi.&n-o &M %1 N JcM&lTWo 
Urt^-^JlXtfSWlS&.ap N * — 1'l^ffiPt-:,^H.'fX-!5 JV T *— 

ive-rf 2 -„s*^r^a n~n = i,m 
ms,-- ttjJt.ffiin** 
if it rt * n « #ft a ts * wffiftwsy m if. if & ^ wttM, 

if.tilJ .V .V #s£„ XH^rt 

N Att#<r 6C " , u € A,.£ | ,v(>a,) ? II - II y II , V <« S. 
II II2 — II Ty il 2, a^ tti aj t n (joi ) * N ( j<u) = 1 0 M 

*&*&5eft‘#*t?IK»*£ ,4*-li fi«j£ftJi£'S-gi£+, 
SsSSAfeo 

51 a 13.29 «N = X = X->0«j£ 
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A # 

X + XA + ( 

c = o 



(13.37) 
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( a) 

D* C + B* X = 

0 .*!*# N 

_ TV - D * 
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<b) 

(A ,Zi)nr« fl 

II 

£ 

d mim# 

D* c 

+ B 

4 x-- 

-0 o 

vE.m 

: *f 










A 

0 
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jV ' N - 
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! 

=q 

u 

Q 
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D J 





■M > 

f£ *s fa £ «i, fin « f 1 


Ft] 1 
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/J 
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- X 

/ J 


It 

°1 








Lv 

7 1 










r a 

i 

L 

0 


B 


- 

AT 

TV - 

■= 1 - (A * X -t XA + C " C) 

- A * j 

- (XB ^ 

C * 

D) 



L /JA + 

■ O * C 

B* ■ 


D * 

D 



Fa o r i 

= I.o _ - A * : - (XB + C* D) j 

\_B ' X I D ’ C U* ■' B'fl " j 

TSBj«SJftiiEW(a)»(h ) 0 □ 

S—313 31 

a 13.29 tgjiu&tt- D'D = I S|)nI#PJN".V^ / 0 
»i3.3o s n- [A ;-^]®a^wfn3R/hwx n-Bixaii 
Gramian o $!j TV 

(a) D* C + iJ’ X = 0 

Cb) D* D= U 

] N *1 ^(CIF) ,£■ 

j=-S — 
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CIF Wfti&a ®>J rm (1- X + X)CKer(X)^Ker(C),$3i5Mftj 

5 e & cx'x = c 

?ia 13.31 4- iV— ] A — i-rttgl^ax jaAiftSl Grauiian 

Pfo «—ACIFNj_ai 


N = 


\A 


I C 


X'C*D ± ] 

Di -J 


D tft)—4-it3£#,-ffi#[D 

3cW« 


d, :y ; ,7 w«!i. 


13.7 rt— 

W53«JAb, 5?4 

n m g = 

S® 0 *C WS m £ »f IS tt W BT n HI « 

4- G e ^ A--1- /> X m l#it*gp$, Jf-ie R 1:2 R : > 2 - R „ if— 
n,$ D ± £j,< n ffME*iE3:*htfe-f& 

[DR-' 112 Dj.KK't 1 R= D'L>>0)JB*-ffWfF.5eMo * n#5J 
G ft — t rcf.-GE^Jl^riA^I^ W.&S^JS .VM 1 JgV -4- ref,® 
(WZA(MZ r )" 1 >if'fi,«#^r#ft ! Jt.-®S Z r tfcH:—t- rcf„ &R1G 

tl#-*flJffl5SJa5.9 I’lSfi-AlltnrSltfJ F#Z, 0 
la 13.32 © /J>J« ref G ~ NM 1 ,®f# N A—ft 

^J=UX3ftf3fg=° ffl jm - Si h, G" G >0-, JS — 


-f, -1- ,x,»,(/><„,)# m|SR; 1, 1*7- 

Ifn 1 n« ft, gp fi„( o# tf M Tft H ,X ft U <- 
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■ A - j(oI B } 


A B 


]&•? 


ju-Bajsnrw^eiKj^H [' DJ 


&¥. 

& 

X = Ric[ 
jH^h# p> 


j -£f t »j £: 


C ■ D 1 

mmm 



“A + BF BF 1/2 

[”]■- 

F : F 1/2 


_C J DF DF “ 112 _ 


F = D “ D > 0 

F - 

F _1 (ZTX + D* 

A - BR 

■ire 


£ _F:V „ 


BF 'li # j. 

c*(i - DF “ 1 D * ) C - (A - BF L D* C)* - 


R 0 




- X f C* D , 


D 


+ BF 
|_C + DF 

vEM: 

(^)ttG=,VM ‘Ji —.V ' ;V = f„ ffl 
E9* JW -i k G" G - (M “ 1 )" M 1 >0 o 

(=>) Jt-ffiBJWEi tj 13.20 G ' G = 

(M 1 ) ■ (m ‘) N = gm „ Jiu ft®, KSife 

njdijEJi 5.9 
ffiw± (’ fa ref 

-J.ttV/.£F*-'MS$M^SH{a,!i]ija;HpTiTWfll G -VM' 1 


- r 


A + BF 


■ C + DF 


BZ, 

L>Z r 


F WZ, ffi® 
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(D Z r )* ( DZ r ) = I (13.38) 

(FZ r )* X i (DZ , )* (C -+ DF) = 0 (13.39) 

(A + FF)* X t X(A +- FF) + (T + DFA (C 4 DF) - 0 

(13.40) 

ti.m,Z r =R' [l2 U,m%L R - D * D > 0, U St 

U = J F ^^.(13.39)^ 

F = R 1 ( F “ X + D ‘ C) 
F^A^(13.40)#?1J 

0 = (A i FF>* X + X(A + BF} + (C i DF) '(Ct DF) 

= (A - FF 1 D f (:)*X + X(A FF l D' C) 

- XFR 1 F * X + C v D l D_ * C 

M 'DA ^ 

H €: dom ( Ric ■), jA ^ 

“a - br 'da fr 1 n - 1 

n = 

^-c'd. d;c -(a-ff j dy)‘j 

$£ X = Ric ( H) o fH £ , * SI 13. 19 . H e dom ( Rzi ) it jtf 
7A - jo) FI 

aff.Mrtfu«»■:«; n„ a r; = n,m, 1 - 

n,m 2 1 

W'MWWft W. ; W 

ftft—-I s #.<455 ©e M ' le=- i#S.© S - 

l.v, j :.v 2 j ^ 

, E 2? © S = © ■ iv, .Vi© = ,Y, N, ■ /, ft ‘t 1 n£ 

- w #.©; 7c* ■B-fc® n , w lit, pm m. w * - -it aa A& *- 

r„ a*s!)#if —k ;rj - h*? A-fwaatf-.h, 
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%kfi, n , i3.3i gpnmsi. 


& & SI fr G e ^ „, MJ a -h * 5 fitf [ft - ^ H iC % m & i t ft 
>k& - rt *e pf^fi ® w swm## a, 

»13.33 a ce^.juga 13.32 ft ess-pr m &— -t-ftSE 
m, HJt.aa 13.32 
a 13.7 tt^-a®tos 

1ST, EP fig 4m ft ft, W 4u, G (.<) = *-=; ! - ] x A ft 1*1— ft 
#«¥ST*MIS7s#6.i 

itajRfW—Riccati A @tHIEf#iiJ 0 

sa 13.34 a g- [ 

&l2 -i G fty« -®.h*fii#. 0 — 


“A 1 BF B~ 

f i e aA’rf 
-C + DF i Dj 



F = ■ B ' X 
A - Bli ' 1 
0 - A ' J 



ii«S;5MSft,iB*N|l Riccati (B#SlMfciU£A3tft r 

$S 13.35 WDftft- Mcf G = M 1 N , f£# AT .ft—> 

j<u tt±GG' >0, te —t)- 1Sft 
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as w — -t- # $ h *e fc « jS x ± j& « - Wo a [®. m a = 

’ '' B ] ft:; '£* M U a: riv' A "'' f *t % ft ... c - fr?# 
I A + LC ; L B + LD1 


"M jV ]: 


I ■■ 

L R -U. 


C R~ 


L D 


e 


j&M 


£ 


R - PD * > 0 

l = - (bit + yc* 


v u . (A - BD'R-'C)' - C R C 1 

Y = Ric . , . 0 

L - B(I - D* R 1 D)B - (A - BD* R~ l C) J 

/><m t — ^_§1PSil 

r A -i LC i B + LD i 

N , - ..V"i.1 

i-D, Ji'y 1 ; D J 

um, n* r~ 1 Dv 


JSffl 13.36 


®g If' /!] c v -’ A(c ’ A)ja 




-C D J 

[A 4 LC : L 


[M N ] : 


B +■ LD 

T D 




&M 
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L = ~ YC* 

cf A 


L 0 


- A 


c t 


> 0 
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i& c &} — ^ ^ s ££ 1*1 ^ ^ G = NM 1 , ^ 4j /V, M C 
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M~M + N~N = I 


BP.??[ M lja—G= 

L N J 

#/b ^ jmt a *q 

*iV_Xl£Wkl\ F 5 M, £ 
r M 1 

jffcttser ,iTHfjfi^r^# J#- 

^9 13.37 ^ G 


G = 


r A ; B 1 

Lc d J 

R = 1 + D* D > 0, R = / + DD “ > 0 
(a) 

g = vm [ 

"A + BF i FR 1,21 
F j R 

lc -t DF 


Ui 


I e 


DR 


1/2 J 


ft* 


& 


F - - R ] {B* X *- D* C) 


X = Ric 


]-■" 


TA - FR^D* C BR ~ l B* 

1 - C*R 'C - (A - BR 1 D * CT 

(b) mC,A)&n$&mW&(A,B)frm*& 

IA + LC L B + LD 


[ M JV] : 


_R~ 1/2 C 


~ 1 
R 2 


R ~2D 













417 


L = - {HD* + YC* )R ' ] 


Y - 



r (a - mr R 1 C) * - CY R l C ] 

■ic ____ . , .. 0 


BR 1 B * (A - BD * P _ 1 C ) 


(c) 


; J hftpTiJS'S (r rami an P fflPjMM'S: Gramian |££ Q 

IN J 


P = (I + YX) ‘y, Q - X 


^ W , iflJ [M N ] Oj G rami an P ffl «T M Itt Gramian 

Q ^ 


P = y, Q = (I + XY) ~ 1 X 


hew-. &m,Q- x & 

Riccait Jj @ «T ^ JLtSc 

X(A + BF) + (A + BF) X i [ F | i b 1-0 

L C + OF 1 lT+ DFJ 

fTn B f Gramian P4= Fh ffl- Lyaounov fgH^ 3 : 

(A + BF)P +- P( A f BF)* + BP 'B* =0 



(A + BF)* 0 

- BR-'B " - (A + BF) 


JA-BD’R-'C - C H P “ 1 C ] 

L - BR [ B* - (A BD * R ' O ' J 

Hamilton 
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r(A 4 BF)* 0 

Oi I 

i- - BR 1 li * - (A + BF) 



A - BD* R l C - C*R 'C 

- BR l B' - (A - BD * K ” 1 C) 



I 4 XY 1 


YU + XY) 1 


□ 


i3.9 


Riccati^TSW-"ASffF-lli Martena;» n ;i971]^ tH. : M ARE ft) 
it ft P fi' 5t J6 [ll Kleinman[ 1968 ]*f-#«j*® 3 1 AM , ±!u 
rfl Wunhamf 196811S— t&'^cJjScT o Coppel[i974l , Ran ^tT Vreug- 
denliil[ 1988 ] lit Aft g * ft A ffl & #it ft ft ft *Tll : . 

4'M W # ft. tt o Ran *1 VreuRdenhil [ 1988 I # 51, 

Wi m m ei [ 1985 ] W ± * f 1 * ft # T Jfi * ft «ti'» W T ft) fcfc S ft, * „ 
Willems[1971]ffi|S:^-M® E ARE fdffl JtMfltlfc ImUB W 
i£» Doyk[l984]^li J iW, «$ ARE Mffc 

ffiftft aj ft Arnold fll Laub; 1984 ]R VanDoorenl 1981 ] M 

#!j o Clements * GLoverl 1989 & Clements 

IS. 
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ttMSo i-.tpJtimM, 

14.1 STFSIkI® 

%muT$i&J£M: 

j = At + J3 2 k , jt( to ) = .7 ,, (14.1) 

.*<, eg^„ KSMft-•Mex&[/o.TlWEfflS)& 
«U),'b'nrmj&jR i & x{ t )&Mm r *01 

SsfeAWSIW^If »««, AffWr 

**_t. 

W ia Hi fi # M & SI Bfl «, -fi m tt: S nr ft fi ® M EEi Ht fill 1*1 ® 3 1 M 
#a# ase a:,m*ttf-j&a* m »sb*«;apr 

af8WSCffissjiUiftia#H^ia<jKM s Mitt:,ft3;i^ 

f II « II A, [ II u II 2 dt , sup ![ u |! 

J '« -\ <f.U„,T 

BPBjut«e r, mtSc.^2 i£*,-£'„?£#[,j£#j£'ft— 

®£ira«PF iv.,fflJratst z, ffiSSc, r 2 ?£tm 



420 


Jitt£ 7 /^bJiit£duxn/vib^ 





IdlBP., w,.,- dir>JWJf 
J 1 V V ^ II dE, I || W,.r || 2 <lr , ^sup_ II I 


wjfc.ra-flrsrasBjiyjgA 

t£3c'9i B‘! I'flJMTrSInlJI h , BP T *■«>. #ii ,'P 
r„ = Oo *jftW'lf»T,SfJWW!M!mT : ^ •^^ 
SEA*E[0,«>) L«#:*i| X(t){£ i^^Wi ht-JiiJ® 

* tM£ O K it r £ (§ fctf K # « = (3',s|fi = iOO ift/jv 



04.2) 


ii I'd) f(r' tit _t tj ^ ‘it—g R« (Linear Quadratic 
Regulator) ,SSfS)fe LQR HSU R >0, %! fit) jc SS M tt 

M(r)e.f 2 Lo,°°)„ 

/h-ftiW^iHi. ittm.-i—iRitiffiis 



(14.3) 


iT R SiH®W MRfirHW-lTte R 1, 0ifiT'6iiiSiJOgB5* fein 
T«ife: 


ifenfWfll—TT^SftiH^: fi=i, #3t' t,i(«/h.6aa,«miioS!tfc 
iSS^ «= - s* j: +• »,®S>tJWiKS S = 0;iSitTH#^f^iitiR 
*T3Ca4.3)tt>fK)*P|^*^iE5HWU K - 7,iBt»J0)-iW*f 
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m:n |j C, :i \ D 12 w II \ 

m% _h, LQR l«ISSH$£fe _t&ft 4nT M'M-fcRlg: 

min |l Cj .r - 1 - Dp w || 5 ( 14 . 4 ) 

*£ /Jo,*.) 

x = Ax + Bu , j:( 0) = .r„ (14.5) 

jswfc^w 

Q,s ft d,, 

« Jl-tij* -ttBSo 

-1' &.£( 14.4) fii A. (14.5) rn ffi £E W At /Mfc H Sft fr S.M, 

#JS-■'MWT A--1,B-1,Q-0,S = 0S1( = I 

min w 2 d£, .r = z -t- it , -r(0) = j-a 

a*S.a=0*-^«fti*p, fiS u -0 r(t) 

SJ§»at!!Pjx^,x(i)- e‘x aa '&-tm ■FMfriisi'-ETttfletste 

MttiS = tf.Wiii: 

WIB^a#fr^j^>j 0 |iiiit,>j®i£ft J i;(i4.4).sa4.5) tffOSi 

,a ) r 5® £ tTM #J M, i* #; >j # lqr 
|“ 1 * o 9> - h ffl, t ffi _t i£ it /M-fc H rn * *E W JF & £ f !■• til # it iff 

it.jiynrffiiyj min 1 “ « 2 d? = 2 xi, a u ( f y = 2 xu) 

*£• 4j[f).~0 0 

tr&BBm Brace- ,a) 

LQR|5]So 

14.2 |*i£ LQR 

:£tr«#lgBftilU/5£«j£M I.QR fsjlM, 

Si* LQR ft® 

<f— aiSSritEb F?iJiCrBBi£ : 
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j- — Ax 4 B lU .r(0) = .r„ (14.6) 

=: ■= C,.r 4 D 12 u (14.7) 

(Al) <A,B 2 )hHHS g; 

(A2) D 12 ?iJ«ft#H.[D 12 R L ] 2 m®Pl; 

(A 3 ) '! (Cj, A) : 

r A - jW B 2 1 

(A4) ] ^ r J?i«o 

L c, d 12 J 

« e s 2 [o,^),mmM£iB II z II1 * 

'K 

a i4.i E®(Ai)#-ei^tgfflBfi« u w. 

fKi5(A2)** r = d, x 2 d, 1 =i 

—iHtB-fffi.ftfiJlS n , 

W£,(A 3 )£rJSM I-QR ««(A 3 )ffi 3 e* 

^'jk± jRS(A3)w-sa(AD 

u e ij.-ei; ,t 

«*•*&i4.i 4-ffi0«o j*a,a«a(A4)^fft--F 
(d; c,,a - n 2 D; 2 c,)i£m#x^^Mmm:4i.tstS'»m& 

(Die,, A - B 2 o; 2 C,)nI^M6<j|frft*i5<, (A4) 7 (A . B 2 M ft 
— jgi .jiitfjtife 13.10 fit SET 4a T Hamilton ftBISf 
dorr. (Ric ) Lit Ik X ~ Ric ( H ) 70 • 

[A 0 1 R 2 

h = L-c,*c 1 - a* j“ [- c ;\ 

I a-b 2 d; 2 c, - b 2 b 2 1 

„ ; 04.8) 

I. - e, Dj_ Die, - (A - B 2 D,;c,)'J 

rs]B#ft MD * C t <= 0, !*)( A4) EU ( Cj, A ) K) BT fifeiHMIM.B 
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(c ; ,A)KHtaxft (diq.a - i? 2 d 12 c,)m hjssjwsiMo 

lU±a[®^SS D*n 1 #O0t*jtft'fc,fclin 

A = U -° 2 ]’ B 2 = [J]’ c ' = [1 01 * Dl2 = 1 

WJ(C,,A)JBHr^»(«l,A-i} 2 D* C, = ^ ® 2 }<L0ML3£ttW- 

{Sfl'£J£*&5£M. 5? 

j&^&E3J^^(14.8)^#/iV;ift Kiccati 

(A - ii 2 £>iz c i)* * + X(A - BzD^CO - 

xb 2 b; x ■+ c; d x if c a = o (14.9) 

a * 

F: =- (ij;x + d; 2 C]) (14.10) 

M A +B 2 F£H£ffro iH 

A f : “ A + B 2 F T C f : = r t + d 12 f 

A F X 4- XA,, + c;c F =0 (14.11) 

Ifc X ^ ( cy■ t Ap ) pj XW.Gramian \^f 

« = Fx ^£MiOM^^(14.6)^l>/@(14.7)* 

JWttSStftJi 

.r = A F x , :r (0) _ ,r 0 
* = C F x 

i = Aj.x + xo<J(r), .?(() ) = 0 
z = C F .r 
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J G c r {} [j \ = .r 0 * Xt (j 

3[S 14.1 ^rtt/;'@(14.6)fll^r@( 14.7)^^^+, «,*€ 

A'0 ( ^)l(C,,A)SRT^i!toJiJ x 2 [o,«0, i-* 

ooE«t r(t)-» 0 o 

ffiRB: aj + (C M A)^oHtM^,WWrE LA£# A + LC T 

i^jc ^; £ 

r — (A 4- LCj).r + ( J.D 12 -1“ _ J-~ 

Mj o ^ j*J Z #1 W ^ ^ J 2 [0 , ™ i e /' 2 A) , w > 4 ^ f = 

.r — i - , JU{j 

f “ (A + LC^ ) e 

n e € -'aDO, «3)o P I ie^lo,®),, & M S tLj, m ff 

e(0),!3 *—°oirt e(0—0« ®)o-,UJ * -O.fifc ,r( o 

-^Oc 

^14.2 LQR |0|«^^£ u=Rr 0 

rflj , 

b . min ocj i z \\ 2 = ! f G^i o | 2 

iOjJ: r = „ - Rr.jf* 


1- \ A " 

^ 1 

J - tcp 

D,J 


■5S ^ ^ 'C; e £ z L 0, ^ ) t ffi[| r,i-f /',[(), oo > 7£ _ v - ( »j ) = (), iA 

itt, w = Rr + v e /- 2 L 0 , co ) „ ;> f £■ 

M - ^S[0, «0, 14.1, j € x ? [o, *» ) T JjJf l'X z. e 

/-%[O f oo) f ^li TP 6 4- 2 [0,oo)^^^tflg ^e < 2 rO T »»)ft 5 «e i\ 
r o,™)2.mm& v = u fjt mat 


m □ 
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min \ z \\ 2 ~ min fz || , 

■*(*)• xrio^T t 
(14.9 )RC;d 12 = -XB 2t f35l] 

y r ’ Xt =.i- * Xi + T " Xi = r ‘ (Af* X H- X1 F . ).r H- 2.x ' XB 2 v = 


- Jc'CyC^ 4 2.X M XBy V = 

- (CfX - Di 2 ~v)* (C F .r i- D 12 x/) -»■ 

2 X Op f? 1 2 u I* '£> V + 2 .r* 2 ^ 

- IU II 2 t ,| „ IJ 2 (14.13) 

Mtfs'U 14.13)M 0 liJooia-9-ff 51) 

II * II 1 = j'o* -^- r l) + II V II ! 

££)$§)] v o,fc!|i u = Fx c Li 

-tii 

51314.3 


U: 


f A h - \ B 2 ' 

.!. C ■•: -I .. 

L c F i d, 2 


M!) u n. u- g c e* h--v 2 „ 

iiEffl: M. U (3 SI 


B i ■ n ,*2 J 


WWBitlfa 
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— Ay 

Cy C 

■-F : 

CyD 12 

u 

~u = 

0 


Ay 


Ki 




_ b 3 

i d 12 c 

V 

l 

_ 




-a; 

~ 

C y C F 

;°1 



U ~ G t 

= 

0 


A# 

I 





_ b 2 ‘ 

D u Cy 

\ 0 


fSW^ilte 89 *S ® && 








i J - 

x } 








I \ 














- a; 

0 

; o" 




U"U 

- 

0 

Aj 

r ■ J3 2 

= / 




_ B 2 * 

0 

! i _ 




- a f 

0 

. - X 


-Ay j - 

X 1 

U' G c = 

0 

Ay 

/ 

= 









Bi 


0 


_ b 2 * 

0 

i o 






mmu.2 h 

z = G, jtq + Utf 

4vec# 20 ffilSg^ia 14.3,G,.r 0 ffl Ut; & 

IUIIH II ^-0 II 2 + II U* I 1 

if L r 

II S i 2 “ II &c *-U II 2 + II $► II 2 


□ 
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i± 14.2 

w= ;r 0 S(*)lft * ft 2-^fEft'M-fcc 



•=» 2 ms&'Mfcr»i® n *r 

14.3 rsw LQR |H]S 

lqr a )£*!*& js 

LQR HIS 

x = Ax ♦ B 2Ml jr(0) = X 0 

Z = C L .X + D 12 w 

(Al) (A,B 2 )nT^; 

(A2) D u mm&,XRlD n 

[A - j(oI Li 2 1 
(A3) wA 

L L x L>i2 J 

^ A[0.“),?t-ffi'l4:fg»# IU II I tt/J'o 
* W# ffl in ft 9- w e^T, *r 

ffiai4.4 rsffj LQR)tii®#fl:—t-pt-wafftffi*j,gp m- 

Fx. a®) 
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min If z !J 2 ~= If (u'ti ff i 

fHjjd xe ^ 2 [o t ™),^j v = a -Fx-e A[o,™)^ ^- ^nn, 

X J & l 2 [0 , 00 ) 



-t (0) = JTo 


#j ^ #JC ez 2 'o,»)^ jr(®) = o 1 i4jeia* a k a lit, 

tt = FT+^r 2 [o,») 0 itt^h& 

AL0,^),;r€ r 2 [0,°a)j££lfltf.Sij|jt w € l 2 ro, co ) ;£ |5J ft @fe ft 
« = U-Fx •£—.**—fflfljfeJ -Mo & 

^niin || £ )[ ^ =■* min |l z || 2 

lqr f»] w jet& , rr 

Jf * l| 1 = J 0 * Xr n H II v II i 

v=o,w u = Fx 0 □ 


14.4 LQR fnJgMj&jgffiHf 

LQR U = bjt W*-ffi( 14 . 6 )filf«id;Kl 

sst, nwmsifi-mbm u.i w,k. 



SnT^*®S® lqr 


ffl 14.1 LQR tiiSf&Si 
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31 m 14.5 F = - (B 2 X + On Cx)ftfeX G n = D l2 + 

C|(sl- A) ” 1 

(i - B 2 *(- si - A ' ) _1 F* )( i - F(sT - A) ’B 2 ) = 
G 12 (s)G] 2 (s) 
ilEBH; iiS5ljRiccat;ar@(14.9)Bj^.® 

XA + A * X - F ' F + C{ C, - 0 
ix 

- X(si - A) - (- si - A* )X - F"F + C,* C, = 0 
aft, W Ei B 2 ’ e - si - A " ) - 1 , * * ( si - A ) ■ 1 B, m 

m 

- B 2 (- si - A* ) _, xb 2 b; X(sI - A)‘‘B 2 - 
B 2 *(- si - A" ) _1 F*F(si - A) ‘B 2 + 

B 2 (- si - A*) 'CfC^si - A) _1 B 2 = 0 
- B 2 * X = F + D, 2 C t ,ft 
B 2 *(- si - AT’F" * F(si - A) 'B 2 - 
B,*(- si - AT'F*F(si — A) -1 Bj + 

B 2 (- si - A*)-‘r,*0,2 +■ D.j'C^si - a)-'b 2 
- B 2 *(- si - A'y'CfCtisI -A)~ 1 B 2 = 0 

D,* 2 D 12 =i W*3e#SIJ„ □ 

* 14.6 « £> 12 C, =0 C M 

(i - B 2 *(- si - AT’F* )(i - F(si - A)'B 2 ) = 
i + B 2 * (- Si - A* )-'c; C,(si - A) 'b 2 

wgya 

(i - B 2 (- jW - A* )- , F* )(i - F( Ja ,I - A)-’B,) > i 

(14.14) 

A 

(i + B 2 * (- >o»i - A* - F* B 2 “ )-‘F* ) X 



#- if] ic ii 

430 


JittgT/vibjhited^n/vibbb^ 


(1 + F(jcvl - A - B 2 f) l B,) 


(14.15) 


G ( j ) = — l'( si - A) -B, Jr- (ISM %£&A 
W; 14.1 G(i-)M)ffF Nytjuist #1 

gA^aAaa-T-iii'±a(-i.oA^-ii'as^teiifA^ gitt, 

*«. A y ■ *,«, - ■**, < - «)*. f™ is 60* 

6<tfK = 201og2)tetiffiMlI*4WA*i!ilA 60" 

«a: c *fa w^ifc or r® a s a =, 

Jt&, fj s : ft* ft5W a m a o 4. is} & i t vi & ta * # # 
am»c mg±,-£&i%8Bi u.i 'i a '/ „ 

<i,3PA,SM'=is-7i ; jr' GC-o-ss-inttaJifi ie^-iij'PiiSA^a 
£ft° j*A%irr'&WfflM/bigU£ !£ , ,JA w J|J 

+ ii ; F) 'B,, 



14.5 #?f£.A 2 M 


A I? # j® ft S KE Hh Sj T te Jfliln ft H i$ i£ : 
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“A B t B 2 


Gis) = c, ! 0 d 12 

_c 2 ! I) 2i 0 . 


d G 12 ^f L %ill 

Ryflj c ;l3Btf ,l>n©&>J*WteifcitF. <$% D u 

^0 ftlln 14.7 TT 4 1 itifc a £□ T flx i5 T #. ^ .?:it i£Hy 

(0 ( A T B 2 )X "J'-teH ft#^ ( C \ , A ) Mi WftSU ft ; 

(iO n l2 &\ m & n [ n n u ; zrmmft. d„ ff ?n ft a. 

”1^21 ' 

LD 1 J 


A — jwl B 2 
Cl D i2 

A - )*,/ 

C 2 D xx 





m-«®ia*ATaa«itfjgfsnsw. g 

--4: EHJ Hamilton 

T dom () ft o (ii) ^ ft \ AA M itftj ft ^ &:#: 

C#»JAn,#iSL^-h-t*), 

e* ^jEj®j.3A-Tra®mu^ k m 

G Ml K ft#i£^|ir]$gU ft.MM- 

't je t! ■#££ *r m , ft '& ft £ gfc ft *t ^ # ji m- ii: pj ft , n m m 


9 tESH&^t - -^ 12.3.4 'Ir'lr/jffvi itCK],f|:j4^KM^fc 4 , gF^i,- 
£■ MtiftiT**. tW^iEMfcS£f$i£i*i&Hi= ^ 2 ^ftft"!tV-/Al \K 









JittgT/viWiit^d^n/vibbb^ 


432 


Till 1 /*m 

13,10, Hamilton 


r a 
Hl! b [- 


/ 2 « 


c* C L 
r a * 


0 

- A* 
0 


r ^ 


- cr Di 2 . 


d; 2 c , b 3 # J 


r c 2 - 


i[i> 21 c; 


L- aJ |_— 

H'T rfom X?: = Ric(H 2 )> 0 S Y 2 : - 

Rk(J 2 )^ QofeX 

F 2 : =“(^ 2 X 2 + -^12 C[) , 1^2' — " (Y 3 Co + ^ 1 -^ 21 ) 

A 

A Fj : = A + B 2 F\, C\ Fr . = C l 4 D [2 F 2 
A l : = A + L 2 Ci, B 1 j, : — jBi ^ 


Ay; ~ A -t 4- BtCt 


G c (s): 


r A 


Ap. : r 


l c >', 0 

^ai4.7 ir&it—M®tfc»tJ-s 


°J’ 


G,(s): = 


TA, ; b, 



JSTfQ , rxiLn II T cw !| \ ~ || G,.B] I ] + J F 2 G, il f = || G,L 2 II \ + 
II Ci G f jl 

&#Jlf 14.9 Hr + tfifflW 

SB. 

®ai4.8 (SJfWft# II y 2 <r 

JA3-SU J?^ 2 , || Q || |< y 2 - 

( II 111+ II F 2 G / Ili). 
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M 2 (s) = 


A 2 
F, 

- c. 


- L 2 

0 

I 


B 2 

I 

0 


M 

I 

y 



Af; 




it. 3 Q = <m,#HNXf*£f!l K w „ ffi 
q 14.8 

Q JSftltflO ,# ftftPJ Youla JMjfc'fcMJW 


14.6 SfjfcJSf!l£3t 

K(i) - V;(M lt Q), Q e ■#=#«. 

*RtfcW)o !6ff]ttf^«5Fj6ffiaff©J?W4)-9r D #f#Hj ,#*rM 

—14.7 ;fp>g* 14.8, 

fnws&<, sife*a?) , *fe^t6i0i(fifej6rs!iJtffiefjH®.h# 

fiiS'S'lIMiSo £ —MRitE 14.8 =P 
‘H'tifcW FI fp OE #iIAi£».iiS 

»SE^-a-SLi±5W® 0 

SE^oW. II ll| = 

x( s ) = F,(Mj,«)«;SSE^ftffi: 

JM T„, = F,(JV,Q).R 



~Ap 2 

f 

to 

B, 

^2 

N = 

0 


Bu, 

0 

Cif 2 

— 012^2 

0 

Du 


_ 0 

C 2 

Da: 

0 . 
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/eX 


r a f. 

: B 2 1 

l A ^ 

: n lLi ‘ 

1/ - i . 

■l .- 1, 

V = 

L | 

Cl N 

; d u j 

1 c 2 

Fzi J 


T zw = G C B ! - VF 2 G f 4 - UQV 
14.3, m U J&IFX&9 - 
i; T v . tl H = i, G,B 1 II i 4- II uf 2 g, [;gv ! l 5 ■ 

'I G,.^ ll 1 + il F 2 O f - QV |! i 
m,o, fli v **j£5fW.w G r v - e * 

r 11= II 1 2 + II F 2 G,. - QV || \ = 

II G C R 1 ll | •( ll F 2 G t II 2 * : Q II 2 
q =0 S&tiiPg — WfttfcfiijiH ,HjJt K = F,( M,,0)*lt 
ISJa-j ffiSSiJ | T.„, J 2 flPR.SH.tta Q 6 
Blit®* 14.7 *;£* 14.8 sf S G 

wg, G r nj.&®;£--'his®ifc 

gtfll—tfeE'e6<)a®®I^F 2 (M.TW4i) 0 

#&-t,F 2 &—' t-atfc lqr sasi.ffiw g. m .j / 2 ?£«& 

'ho *msb,G y 
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D |; 


7 1 ■ 0 
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A '■ Zfi I 
C 2 Du 0 


F- 


hl 2 i o f wj/ 2 


14.7 MT-ffiMW =v 2 ’ 




G(.o 


A 

\ B, 

iV 

Cl 

\ Du 

Di2 

c 2 

' D 2 ! 

0 


SEi-mSnTH££: £ D,!ym,S| 5 £, *f-* 4 ?&-£W R& -ff- 4 s.# M & 
11 T Mil f,(m 2 , q )3 

1£ G D u =0. «!■£, W& 

K= F,(M 2 ,Q)8rfjJ#f#j&3£|S$,j)lrj 


X 


T ot = G.S, - UF 2 Gf + (7QV + D u 


'■f’ru.C”) = G 12 g(=°ID 21 + D n 

HjJt,=¥ 2 SWJSftJISf-i^SflftXW.WAStrliKW <* 2 ffiUc.s 
.aix3#fr-'MfSW Q(®),f*?# 

+ D u = 0 
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q(oo) = d; 2 d u d^ 


- D l2 Dt2DiiD2iD 2 i - 0 
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D 1121 0 _ 1-0 0-1 
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J»J 


r a + b^Dk^2 

B\ + 

Bi~ 

G = C, + D n D K C, 

0 

D,i 

L C 2 

d 21 

0 


R 

K = d k + k 

G M£ 14.5 Jtfc, 

__ Ao ~ ^2^K^ J 2 \ ~ Cf^2 — ^2 45 x)1 
L F 2 - D*C 2 ! 0 j 

& GM^ 2 mvL&mm. g wstjsic 

HI: 


A 2 — BiDxCj . — (L 2 — B 2 D k ) 
- Fi ~~ D k C 2 D k 


F [ (M 2 ,D k ) 


14.8 w m |5J & 

fr-hWHiR 

a(6j«»#!WFnriitaa^K^r&w®ifj* 0 ^ 

m&M&fammmT,m g Ga&#msM. 

■w m* &)<*2 k c m% K-** 013 ,&£>»]«; saw 

* ifc & a ® ( sf >. & a; a a ( oi). £ fa flu fi >. ± a ti 

(FC).TJSW®(DF)iyS«fit|'fAif-(OE) 0 OI.FCHJOE S18J6 
ftS'l-H SF .FI W DF ft liiS.ffifftM ejM. FI m OE BS 

Ptt-Jdsift.^rn-j® sf.oefj* u FC^s»fflSfflRI»W«p 
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^n^mmT^(MF/r^mm k m 

1 lir w || 2 W#^m; 

2 . & IJ j/ 2 Jft/J'fcjP£—fef&i*&i 

3. fern |I. T, tt . || 2 <r y *=F}t®*j& 

»= 

*££ : ^TWWffl-^-iaBJ^IS 2 W* 3 & + Jfe¥«—ffijfc 
^S'Jife.JftftJtjffW SF\OI,FI W FC (BIffirji 
14.8.1 15-^'Stt 

ftiiwwuT.ssfn^fii 

feffl ss m mmitma „ ta *, tt & §f as. w m - ® g>: -im & ». * # * 

df fa oe Nfigcf 1 flu. 


14 . 8.1 


^ iS ?F 5F ^ ^ 


Gsr(s) 


‘A jB l Bj] 
c, .. 0 D,, 

. I ': 0 0 J 


fllMiCT©®: 

(i) (A,B 2 )SJm&; 

(ii) £> u ?!lffij%#_3.[D I2 D ± ]%lft%il%i ; 

(in) MFJiG u>,\ A Ja>1 Bl 
N ' ^'1 1^12- 
l$m—JFJ&g# # 

^ M ?6 W iii ffi ±m in (c,, a ) fij & in &#= , )is 
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lqr mm w-iuttu* 

1. min -| T™ l| 2 “ II (jJ^i \ (trace( B{ X 2 B j) 

2. K( x )^F 2 

a 14*3 

01 |5]g-Mii-7 c 77 

itH: 4 " K *-HJ£ftM,« = K(j)x, 


!>" 


1 By 

b 2 ~ 

JC 

z 

= 

Cir 2 0 

On 

TV 

-V- 


_(K-F 2 ) 0 

0 J 

-Z< 





4 V T ra ,*7r:^^SiJ^ W#iSKI^c tt.fiSJ T„,e»M!,a£ 
H» KffiGiS, ¥* 


T„, = G^! + r/T„„, 


a?. u = 

IT «<?«#£■ 


"a,. 2 | B 2 1 
_Cif 2 : J"Ji2j 

o ?£ 


, li@«l&3ia 14.3, U J6ftl£|5£J. [/■ 


G, 


II ^HTI 'I 2 — II G l Bi II 2 + || T^. il 2 

® min I T ittl I' 2 = II G(B| || 1 T„ 

- q , atifi.K <F 2 *a53iit*/htt«ea«s 5 □ 
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mo motm T vaf *T va = o 

Vttfto 

jftft 

14.9 V L Ker B? ( V;H, = 0)tfj —*1 

K opi - F ; (M j/t 0),^ 

+ 0G^ 2 ,1 


F; 


J 


[v; (si - a F i ) - v ;b 


iiE^: 



(K - F 2 )(sl - A Fj ) 1 B, = 0 (14.17) 


* k = f 2 ,a£nm*#sijWo 

«tin#tlfffc,4- 



c l(t;gMj|*&&«tefJ#'Hr#Sfc'ffc# 
k(.o = f 2 + a + qp c ) 'q, Q ( s ) e 
i4S Q & K ftAi@(14.17)lr|BJWSI 
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Q(s)(sl - A F r l B l -- 0 


(14.18) 




Q(.s)(sl - A*-,) -1 = &(s)V* , 0(5) e 

JScJ9f=firfiue.^(i4.i8)W 

Q(s) = ©(.*) V%* (si - Af 2 ) , 0(.O e (14. 19) 


K opr (s) = F? t (/ ■+ 0(a) v; (vl - 
0{s)V ( ‘ (si - A f? ) = 

F 2 + (1 + 0(s) V,*F 2 ) l &(s)v: (si ~ A f - 2 ), 

®(s ) e 

14 . 8.2 

f5i@ 0 







±ttA: 


1. min | T m , || 2 = !l C^i (I 2 = (trac e(B{ X 2 B [ ) ) 1; ' 2 

2. K(s)=[F 2 0] 

3 . K(s) = [F 2 Q(i)],^,Qe^, 1 Q V 2 <y 2 - 
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iiEB§ : ■ 0 1 MW>2 

K I T„„ |, ,< 7c '-} SF‘»*aJWffi 

«jj«Riw£>!:i(rflKjKiW^ai. = u -f 2 x■. 


a,, 





V 


1 a, 2 

Bl 

b 2 

c„ 2 

0 

d 12 

H 

Hi 

H 

JoJ 

[[} 

loi 


ffl Qm. 7 Tshk w sj ^ 

* = C,. s 20 + 0,2 Qw B-j =f 2 Q MT 

=a’oV 2<> JKIiJ u = F 2 .t + v = F 2 jo + Qw = . F 2 Q ’ y, t& K = [ F 2 Q ] 

& i T ra , | |= || Gfli + UQ ||f*= || C r B, || | t | Q || |„ Rjfc 

.1 Q II | = II T„ l| \ - 1 0,32 || I < 7 2 « 'I G^B, l 

SIlWo j 

DF.OKFC&OE f 

SJo 


Qm- (•') 


"-4 ;Bi B 2 ‘ 
Ci ; 0 D 12 

I_c, ii o _ 


ismsg-tt*# a - b,c 2 K.mtiM-n hi£^^sais)@^-ftiBj 

WG) ~(iii)fi® 0 
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I . min T^, l| 2 — II G<B\ II i 


2. K(0 


[A+^2i 7 2 _ -^1^2 : ^ 1 1 

l ' "" f 2 .'" r o' J 


3 . y 5'J» 



|~A H B 2 F 2 - BiCz 

M 2 ni & ) = I f 2 

L - c 2 

Qe^z.l Q I l<7 2 - 'll Cr^Bi II lo 


B i B 2 3 
0 I | 
I 0 


m^mx: 


Goi (-O 


‘A : LU n 
C, j 0 0 | 

.c 2 '■ d 21 oJ 


^5nT®S: 
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[Dzu 

(ii) D 2l fr#fta L pmsetf; 

r A — jew! 6) | ^ 

CiiO J$mm «. I „ ^ Irvi^o 

L c 2 b>2iJ 


1. min II T zw || 2 - 


tb 2 


1 


CjGJI 2 -(tmce(C 1 Y 2 C; ) ) l#z 
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r A : *1 

Gpcis) = Cl 1 0 

ic 2 d 21 


[J 0]-| 

[0 0]J 


1. min II T ru , || 2 - il CiG r « a -(trace(C,y 2 Cr))’' 2 


2. K(s) 


"f-2 

0 


3. K(s) = 


L, I 
Q(s)J 


Q6^!, II Q\\l<f- II G f II | 


A 

B, 

B 2 

Cl 

0 

I 

-C 2 

D 2 i 

0 . 


a - b 2 Ci 

JWI 

1. min || T tw || 2 = II C t G, l[, 

A + L 2 C 2 ~ B 2 C\ '■ l*2~\ 

2. K(s) .-.- 

L c t | oj 

3. 
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A + L 2 C 2 ~~ B 2 Ci : 

^2 

- b 2 ~ 

M 10 (s) = 

. C! | 

0 

l 


f '2 

7 

0 

qe^n ll q II 

2< 7 2 — II C,G/ II lo 




14.9 ft ft M ift 


i4.7 v »s® *ia» m & era at® it 'M ^is m# »tu tttt-fs ts-fr 
iWMSgc 

14 . 9.1 

nifcuffi—m =v 2 ea«* 

Wll ,.jih 1 .Ul'i£.;.h':L.M.'; 

Lf 2 : o J l - b; x 2 o J 

& 

min || T„. III = I GJ?, || J + il F 2 Gy II \ 

#t 43 , x 2 : = Ric(H 2 ) , y 2 1 = Ric(J 2 )& min JE MI9fM ©Se&W 8 
WWW. ttita 

ft Si 85 =* 2 

JCste®* F 2 jc tHttlf.fi nfiiaft OE.2 4 g C, = F 2 

m si o m B 4 , jt® u a * »® /Mt® fi n a ( fi . 1 ) w r a it f 2 j- 
(OE.l),OE^gffi«P««Sc®/MftBfno 

jc — At + B 2 u + L 2 (C2X y) 
u = P 2 x 

jkx Iftftflctefn 
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14.9.2 u.i'mw.m 


[:]•«■ 


ijstfwfflra,® a— tawfiasi vt - u F 2 J -.wisi: 

T A hi ; iJ, b 2 " 
l C 1f - 2 i 0 d , 2 

~a ?i r 

. & l/(s): - , 

_ C 'if ' 2 O j IC.f, . 

U~ [J= 14.3, (J"G, «T'=^ 2 , 


&M.G c (.0: = 


B,n'+ Uv (14.20) 


■o fflliif.U* 
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: B 2 
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r.A.... 

x i 

B 2 1 
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ii 

0 

I 

L c 2 

^21 

0 J 


ffi*a k k ffio,. ^SE(Wi'raJF*§E*^ 

A &m\HR C„ 

5 S« v ®itt®,W 

min ^ T 2w 11 2 I G ( £( J 2 + min If , i 2l21 , || 2 (14.21) 

fMM.OE.2,5nT}ft®I#l 

A . f b . 2 . f l + . l ‘° 2 .} l> ' 

k 2 o J 

1 T„,. || 2 ft/J\,iS1ig OE.l.min l| T m . II 2 = ]| F 2 G f If 2o 
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14 . 9.3 14.8 ffimnji 

fltf [fir! mE®J f^- 1 J"#5'j - ^^^ ^ 

ii r,,, ii 2< y 2 - ii r; ^i 11 ! - K };t 
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X 2 


& 


F 2 



— a[l 1 j , L 2 - ~ ft 


Ci 


j&M 

« = 2 H ■/ 4 t q , ft 2 + \/4 + (7 

" i ■ ft i i ^ 

*0* = -(«■ + /?) i - « ft 

— a — a : ()_ 

a#SJA9«Jfi£felS(jS G, 2 )*#«»**£ k , k = U 

K = 4K„ ; „ 

@W*§E A«P£* 

ri l o o 

~ 0 1 - ka ~ ka 

A = 

ft 0 l - ft 1 

'-ft 0 — a - ft 1 — ar- 

^33kv£%mft'i£ &JR&& 

dei(.s'J — A) = a A s* + a^s 3 -l- d2S 2 + a x s + ao 

K4* 


a \ = a 1- ft - 4 + 2(k - \ ) aft, a 0 = 1 + ( 1 - k) aft 

aSSW&WfitSEttifijB ,<*„>[) & «!>0 firsts, |H]Wtt:S 
Mia A^i.WIWJE^w a fn^,« 0 =(i-i)^, ai =»2(* -D^o 

cr «i/?(!£ q fto),k ft f.WA^ 

/j'W«^6,sntw*^isxe«o sft.a#<, 

S'K 
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#*/*£*(*» immtm 

je& wttse#& pm te&/h o 

aeMfsiw, *? lqr rajswi^^isj w*,^ 2 (LQ^)r"iMw 
J»#^tlffiffi %*#£&.£;£»«£#?*<, ®fc«ffii$*B?aaifc4’ 

Ji5#,a^ LQG 
ftSi-^SKo 

^ iM, xj - gj ff ® ai-s ti-, a a sic ^ x t- is * u tt w ® at gs 

W»*lRl.h»—^/£*A‘0r*#fii!tt LQG |5IJ»f£iiR*(LQG/ 
LTR)Sitfe^:, StSffiStSrf— 1'88&19M(j$ FC J’S&J#) ,{$ 
W LQG(sji =V z )ftfflf*BI«igjg LQReSlWl!iJi»4$tto ffl£lJt 
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^A'«* a-»ffi £&> ~ ffcMffi,ft [HI ®*i-tife Hankel # Y 

15.1 Hankel ^ -? 

* 

.r = A,r + Sir 

^ = Cor + Ozv ( 15 * 1 ) 

IMWA & J P, 

Ct (ft Hankel ^ Ife , SP Hankel If! -f 1 

I* * ' ^2 —* ^2. 

Gramian a. f*$ /. ( 

“TitStt Gramian L„ nfeifi/K , TiTg-ft Gramian *ERt L, *H "J 
SSSJ‘14 Gramian®ft L a JEj»T®PW«lftfh 

AL, -t L<A' + BB' = 0 A ' L„ + L„A 4 C* C ~ 0 

MM ,Kmn 

-f w £w„ 

II® 15.1 inf I II ai II 2 I j-(o) - x .2 i =r 0 ‘ yo A L t y„ - 

,(,t ± Z- 

jco 'Mff.. 

M: fyK(A,B)®BTJ$W,-@!i!lJ#rf:nJ^^^fS]|iig^ ij jty L „| 
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M. y« = L;'x oo Jtfc*K&i£ i(-»)=(l,wf-t':J)5*l*'t r - 

j (0) = -r 0 o 

inf 111 will Ur (0) - z\)\ = 4'(i ^ 1j 'o (15.2) 


4 U* Olr) - A /-A + X* OLr - 

d? 

:i ; "(A * L; 1 + L c LA)-7- +, 2< W,B ’ O-'A 

L, L, 1 + L, 'a Ri£frfiO\ Pit# 

f (OL:Lr) = I 1 , ™ II 2 - II u, - /T L ( l x II 2 
d£ 

%L jc(~ ”00*11 x(()) = :r 0 ,M. i~ -°°^J / = 0 OOA , :: ^ 
x 0 * L;A 0 = ll -w II \ - II tv B* L~\r I 2 A II w II 2 

£p #L # ( - 00 , 0 j _h, w CO = P* *"' 4 O ^'o 
3|Et 15. 2 sup UjG p/ 2 J P + * 1 ! = sup-^s^v II P i Mf-^c I | = 


iiERR : -r(0) = x 0 ^ w=OU>0),*(*) = f^n 




f P + s l| l f *0 ? A ‘ C * Ce At jr 0 dt = r y * L ir r 0 
J n 


i5.i,^r 


sup 

U'£ ac, 


P, 


= sup 

o Q-* 0 c j t \ 

max —- ~— — p \ ) 

J rj^° rg L l j : 0 


it 15.1 St3£Hankcim«C^M — 
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sup j |, P 4 z |J 2 _ 
“ e V 

Hankel IE » T* 

;i p t z 

If uu II 


/3 2 II w .1 |l 



2 


<P 


sup If P +. s: II 2 — 0 1 II ^ II 2 ' ^ 0 
sup | II P* i II 2 - ft 2 II w II 2 I = 


supper PT^c) 


J 0 p(L it L c X,P 2 

Ih», p(L n L c ) > p 2 


Henkel p(L 0 L c m^}jm. 


V 


15.2 Toeplitz 

n g ii 13.24 

p J £il, ^ 7 - 1 fl'f , Hamilton ££ ffi- 

_ r A + BR 'D* C PfT L B* 1 

L-C*(/+DK 1 D * ) C - (A + BR-'D* O* l 
R = / 2 J - D* D 

dom(Ric),X-=Ric(H)>Q t A + BR~HB' X+ D 1 C)>jl 

A # X + XA 4 (X£ + C*D)R' 1 (fl f X + D t C) + C : r = 0 

(15.3) 

itrF3IS#£H7 II G !| ^<1 

Toeplitz 7^a) 

31315.3 f! G | „<1 3fn x{0) = x 0 M 
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sup ( ;| 2 I) 2 - I w II 5 ) — J o* Xt 0 

ilffij ; & _tl 0T , 4T x(t)* Xx(t)$L ft, fft Riccati if ^ 
(15.3)#tt A*X + XA,#i£^fI£3f, pJI# 

^ ( x * Xx ) ~ ~ II £ IJ 2 i H it' H 2 - 

11 R“ 1/2 f^ - (IT X + D* CO] |[ 2 

jipm ^ f 2+ ,na a + t = oiy **«>$*#_ 

II ar II ! - IJ w IJ 2 = -O X.x, - II R 1/2 

x [fitt, - (B* x *- D * 0.4 II 2 < ^ 0*^-0 


(15.4) 

^ ty = JR" 1 (B* X 4 - D* C ) x = R~ l (B* X + D* C ) 


e [A+BR-\B H x + n*c) b X(Jf g AtBR -1 (B* Xf D* 

A + o tfcftiiEo L 

3S 15.4 O ^(0) =^ 0 _a-g X 0 = X 0 * >0 6 

(i)^ 1 I G|| fc <rax=l? iC {H)JJ 

sup I II 2 II l -- y 2 { II W II I +■ O Xqjco)} 
r^u 0 .^>e^ ^(u.wo 

= sup j x^ Xxq - 7 2 xq X 0 x<} 1 


= 0, 

= + ®, 


^^(X - y 2 X 0 ) 0 

A ma ,(X - Ox 0 ) > 0 


00 


sup 

it'lt a”x 




,L0.“> 


i 2 + ^0 X().^o 


<7 Z tiur.m&ua 


&{D)<L y,HG t/fjm ( Rjc ) : JIL A max ( X - y 1 X 0 ) < 0 c: 

& is.2 x 0 sr^0 wf nftM&o m<l(x u ) 
. m »s m x* 10 j» & # & m * >So ^ 4 - y„ fn a 75 
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A^cx- / ; v.j^o j&iLWm/b rMXtttt y tul M® k vj- ;/ 

Wi,<l(X 0 ) Ifu r nm £W(k&i$ 


// € z/o7?J ( RiC ) >f£ ^ 


v 


tfl nj 15.3 34i t J9f iff W 2 X 2 

fS-f^ HankeJ—Toeplitz ift o Ar I: 



Jfl'J II G !i «<l,^Ii{ii^t II G r || <*, < 1 G ^ J ^7jN^ri _ F Hamilton 


[ A * 

0 ! 

r c* j 

L - BD * 

] 

- A j 

1. - BD * J 


R: = i - DD\ Sn m II G iU < 1JJ e dnm ( Rif ) , Y = 
RicU)>U,A + ( YC* + BD ¥ )R ’CM^ 

AY + YA ‘ f ( YC * + BD* )R 1 ( CY i DB * ) - BB * =0 


(15.5) 


y>o 0 #T 

&,%Mm -r n eim( Y)Rffl YMt# Y' 1 , nmS!HSJi*^ c 
?ia 15.5 f£t£ II G I »<l,J±(A,/i)Pl# 0 W 


Slip \ '\ P_ z\\\- II TO il 2 1 ^(o) = ^ c ,\ - Sin Y 1 .Tq 


iERH:jss-to-e^iai5.3 . r (rr 

Riccati ^‘^(15.5)#^ AY ■+ YA * , }f-# 7f, jtfij 



1 1?“ i/2 [Rto - (£* ’ Y 1 + T>' Oil || 2 


R I D D >0 o -w 6 -£ 2 .IJ-tCij £.;■(- oo) = (). 


"D A' = A' ,^ r = B s 







m -uoso 

J, *Hi - u w M - - y '**- i - 

(B* y l + D* oy. Ii z < - To Y' X Tu 

( 15 . 6 ) 

ttPJf^ ttf - R J (iT Y~ l -1 D r Ox = 8 X (B* y 1 + - O'* (') 
r ^ R R- l :iry' ! M/n-^^ A + [iK ‘(fry I +D*c)=-Y 

< A t < YC * + BD * ) H 1 C \ " Y ] IA MV 6 ' i RD ‘ ) R " 1 G 
&£,8rlU A. c -iE^o 

15.3 MPf Hankel-1 oeplitz 1? aP 

ii 2 ^D = 'i; l D ; ],I 

G(.s) - [Gi ( 5 ) G? (i 1 ) „ t M 

mt « JSW Ii G\ L<i Ali&Ai ff(D 2 XU If. 


is 2 1 

! /?Ai d; c h 



ST dom (Ric) , ft ^ R 2 : & I - Dj D 2 > 0, ft U w G 
dorn {Rtc ) ,*$1 %C W - R?c ( Z7V ) o ^ 



(15.7) 


©ftifcsup,^™ II Pi* 


sup^ ,1 r-zzf II 2 < i 


(15.8) 


T= R, [W C| M^_ ]: 'U ^^ 2 JB-Hankel—Tot'plltz % 

ft: 


r 



U'i A G -i : 
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P + [G t G 2 ]P x» + P> G 2 P + xjl> 2 

H Jit, r * Hankel If I Toeplitz W T 

F + M G _ : 13.24(B) = 0,D, =0) ft 

■jia i5.2(b,=o,d 2 =o)w— 

fia 15.6 SUP.6M II r™ II 

(OstfljXlI M w € dom ( Rtc ) •, 

(ii)p(WL t )<\o 

SERB: 13.24 >>., 

J»JsC(15. 8)^5;, * ift, fO it BF. M 

^(WT.m II rtt || 2 >u «ig 3V 

?i- e 'i-v, wj 

II F + z II I - II w | I = II P + z || 1 — || P, TO J I 2 - II P w II l 

liMie--9H5Uia .*(G)*f n p. z ii \ wit,# l c 

'nJ*,M&3[» 15.1 ffi 15.3 M 

sup I II f\ * || 2 - II w II 2 I j( 0) = x 0 l - 

Jo" Wj 0 - .r 0 * L, ‘j: 0 (15.9) 

we <w asij.it W 

H fi( WL C )^ l.SJ.ttStfffi ffi?#sC(15.9)W^j^>0,S 
3td5. 9)* w.e 'IV, w#() m 

l| p -t z l| 2^ II Ul II 2» W'fclX^r'fOT SUp„, es .„, II r™ !i 2 -S' 1 ^ 

^ L c + ar a MKT Im(L, ), njfig 

3 ttr~ -Laitrffio rj 


r . 2 = P-^r*) = 

fj"2 £ 

Kf f’-C; S r:=P_(G Z ) = (P_M G ) So 


p G r] 

G 2 j 


(15.10) 


S^cflUB ■£■,_ ^IsJMrt^R 
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“ 1 - 4s > — 


r wff-J 8 a^r-T D rv^-* 
jf 2 to g «e ^ 2t m £< *,rw> = 

< z > Pit > = < z, P+ ( Gj u.^ + G 2 ^' 2 ) > = 


< 2 :, G 1 w j > + < 2 :, G 2 w .'2 > = 

< P- (Gf 'z),ZVy > 1 < G 2 3T , £t’2 > ~ 

< P* *,TO > 


t *£ M £ Hankei—Toeplitz tf ? M J9f iff ft 2 x 1 i£ Jg ^ 
Hankei-Toeplits 

15.4 Ji^Hankcl-Toeplitzlf?:— M'ffJt? 

Hankel-Toeplit* =¥„ « t&WS® + HS3? 

15.6 WiSifelfer a 2x2ftM1f®o 

#£j:,5rffl&fix*:*#dj«4' j/„fe«at&(*ia 17.7 u)„ 
^ rmiW;L1ir + Stia#.Ti^^ia 15.7MffitWJ&fBlgfj!g0!ro IK'S 




K_r-. = I - D.‘ 7 D. 2 R y -. = I - D,.D,-. 
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Jitt£7/^bJiit£duxn/vib^ 


r a ' 

Ily: = I 

L- nn 


nn * - a - 


r c4 i 

\ i i RzHvh.ti" c\j 

1 - bd;, 1 ■ 


■'«' - J/f0L 2 , * = ^ 2 0/: 2 ,W T: 

r '^ f i " _ ^P + 0 | _ G,i G]2 ] r w } j 

I- 'LL- 1 ; -I L 0 / -I L G 2 [ G 22 i- ti'-} - 

SIS 15.7 sup ,1 IV. II ,<1 mZ'MUT 

(i)o(D f 2 i)<^l Ef, Hy6 c/fjm ( Ric ) : 

(ii )(j ( D 2 .) < 1 H. Jom (Ric ) ; 

Oii )Xj V X = Ric (II X ) J1J Y = Ric ( H y ) , o ( X y ) < ], 

: ift# Hankcl—Toeplitz 

r'i^ 1 ] - p, gi “G- 

L Tv -7 -I L 7 , 1 , J 


P [ G; 


- J 


^'2 J J 


W'A 

II r w II1 = : | p, gk.' 11 \-\ 1 1 p. [g 21 g 2: j«- i; \ 

iU sup ;i f- B lr II Tzy ‘| <1 C, ttfz 

sup | P , GV 11 < l 
SUP t if P [ G 2] G 22 ]tu '| < 1 

m 

0 


G 

\_g 22 


I, [0 1 

'I, * ,„ S “P p * <-'■ I 

- v 2 h ? 11 - TV 2 ' 


sup il P_ Civ 'i < 1 


l;l ^ j 2] g 22 ] \ ^ = sup || p ;g 21 ( t22 \- vu 1 , 

w « T 

'I P- ^ G 2 i G?2 J iu ,| <1 


tJJ!(i)4*|(ii) ftt 0 


i ^ f! 
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^ 

II r™ U<1 j* 

V Stl 

I*fJHX 1 5sup«,e-tt II r-tt. 'I J> 1 , *#5 'V M£.SC,® w€ 

l| rw II 1 - ,i U' II; --( II P, St !| | - 1 P, v>i ll I) I- 

(|| v tx;,, g 22 ]tv |li -]p «, ii |) 

Hlfff, ^ Y TiJigttf ,|t|'j|g 15.3 W 15.5 ,m 

sup I ll Ptt I' 1 2 ■ II vti II 2 I .r(0) = = -To* Xr„ - Y~ 'j n 

■?*.ij5ia 15.6 WiiliWJ^ttRIBifeGEBlieiii^fflWtSifeo □ 

15.5 

-r = Ajl + Bi-tv + B 2 u (15.11) 

~ = C L ,r Hr D 12 « (15, 12) 

; 

(0 {c lt A)ummi 

(ii HA,B 2 )*HS£; 

(UODjYlCi, D lz j=l 0 I] o 

sup min l| r & 3 < 17 

r a 1 

0) 

L (-1 1J[2 J 

Hi fit & -M .? I V X //, t clo7?i ( Ric). X 2 = Hie (N 2 ) >0, SiH 

H,= | A ~ B ^ 

- L-c,-c, -A' 





http://vib.hil.edLi.cn/vibbl' 


460 

4? F 2 = ~ B4 X 2 


;D.m§[Diz Dj 


G c (s): = 


#1 


“A,- 

: r 

,U(s): = 

a f 

C Ji : 

0 

Cl F 


af -< 

j - X 2 '■(.';' D 

— _ 

Ci ^ 

D± 



B 2 

Viz 


(15.13) 


K+ A F} = A + B 2 F 2 ,C 1F; = C, + D 12 F 2o 
X 2 M Riccati 

£ZS , *^na 13.29 W^iiED0inT^*o 

11*115.8 [U L'_L]S*Wrt®»,G7[l7 (7 ± ]»-'JC3l* 


G'[L7 U ] = 


Ap 2 

- B 2 X 2 1 

cr D_: 

-X 2 

0 

0 


0 2 


(15.14) 


UZG t f &ir G, J^JST 

° Hamilton 1 ^ fL X. 

Riccati ^TfM^ 


H,„: = 


A B X B! - B 2 B{ 
- C{ C x -A* 


A * X™ + X»A + X^i^S^ X w - X^B 2 B 2 + t\* Q - C 

£9 15.9 sup min !| x IU< 1 3 H{* ^ € rfom ( i?/c ) H 

^' e “G* “ e G ■ 

X to = Ric(H m )>0« M^JttF„ : - B 2 ’X»,J®| 

u - sup || Z l| 2 < le 

wl + 

9HB: v:=u- F^rM 


z = G^B 1 uu + Uy 
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"sup min l| * || 2 < 1 (15.15) 

31 M 15. 8 & [ u I! * II 2 = 

II L U u^]-*\\ 2 ,R 

U " G, B ]W + t 

[u u_'r z = 

U j GJ3 A zv 

F. {U~G c B l - l u) + P + ( GG.-B, w + uf\ 

U^Bxtv J 

mt 


[F- (U-G^w) + F t ■+ O' 

sup min 

* = -p.c 


sup min ii a: || 2 = sup 
u-e-a*, ^ L/ " G t -E 


P {t/"G ( J3 lW )' 

[ w 


= : sup || r* tv I! 2 < 1 

wf S=V- 


r* 5 -£ 2+ —^w^jac^ 


M 



P_ ( U~G l Bi ‘wY 

i>_ LT ' 

F * zu = 

G j _G C B i tu 

d a: j 


G,P,^« 


r <?i 


<P 6 ^ -9; 6 O 




n [ 9l ] = P + (B* G; ( Uqi 


jQl + U q 2 )) 


r t B?G;-[u u,][ Vl 

- </2 
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j££g;LU U ± ]£^ 2 ^(15.14)^^ 0lft, 

sup I || 2 < i 

i£'F££i£f4(15.8)o 15.6 flTStClS.M),# 

r a, x 2 1 cvc,x 2 ,_ , 

H w! * 1 e dom(Ric) 

L-X 2 B,Brx 2 -Af 

a. W' = Ric(H w )S?O c X 2 >0- 

z« 

.Af X, 1 + x 2 l A f + b 2 b 2 ‘ + xj'c;, 1 c,x 2 1 - o 
SlStt(15.14)WnJS#Gramian®S^Xi ffiSiS 15.6 j£® 

p( WX 2 - , )<l,n$.$VHi.,X 2 >W<, X 2 WRiccau 


^re.tirffi T: = 


- I 

*2 


H«,= TH W T-' J a# 





X (H„) = Tx (H w ) = T.,^ 1= Im 

L WJ 

®jtt H,edon»(l?ic)K Xcc-X 2 (X 2 - W)" 'X,>0, 

(<=) $Q?fl LT™ €: ufow* ( Ric ) H X m “ Ric ( H K ) > 0, M A + 
- B 2 B! Jo ££ 

A Fm : - A + B 2 F«. t C 1F ; - C] +i) 12 F, 

Jilf] Riccail Jj 

a;,x„ + x«A Kar + cr FiMi c u „ + x^b.b; x tA = o 

X*>0,^ Lyapunov JS&fcJ A F 

T = A^r i Bi ty 
* = 

13.24 fc] t || T rtu || 


/ - X 2 “ W 
X 2 
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sup II « 1| 2 < 1 


□ 


15.6 

WWmfflyZT tf)NM,WliQ0XL Bryson fit Ho_ r 1975], Mageirou 

ifciEJIt 1 l} Doyle, Glover, Khargonekar fd Francis[ 1989 ] 0 Basar fB 
Bernharaf 1991], Limebeer, Anderson , Khargonekar Green [ 1992] 

a«“S9 1 » JtlW+«FWaT - H«. 





Jitt£7/^bJiit£duxn/vib^ 




-w „ h ® o m its , * ■v m ® &*&%& aw «, #■ n m-fe % it & j&# 
fifc, l6.2 15rfti£7-'*®ttl!g®fl < J^S)5;fcffi 1 Sa®,(iii#S -JR 
wwfflisar--sst= # 16.3 i? 

Jnllllfttt 16.4-16.7 mvj-i&o 16.8 tuftfe =*.» »#gili 

«iiiss©«a*WuEffl= i6.9 a y mm 

16.10 ns^rtj, m.vi.k.. n 

^«&«&&Si£se 0 


16.1 (HJ & % i£ 





R'taxt^ g wsimssk ^^#a,fninjyMfl<j 0 jgig gsikio 

ms,— 

T.nn*—isa 

«, Hilt, g X 
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ate n t„. n «*■*&« * 

K(i) = 

MiMo«a,±^s jtwstt =»»«hs-« 

^£M,IE^P Glover ffl Doyle[ 1980JMSE It?&*J$35^, 

¥«ate 

-M.imH.nrwaaxartJfiWH't Riccati jtswsl aiaoj^ 

ai »*« (*7) dt „ rf£ » ft a t£r± bT *g* # ftj flj, |i| % -£ & * 7 

m<®& m »« pmi o *s w, is ^ ass# s ■7 ^, aw a a 
-tftffteassiMtaBo s^£m».£jst-tfli&ffi*tt: 
»*S«Sfr?Emmsfst##, 

so gstfcattesis nj vi *#^14 ®»m, mmsa 

<fctt J'>0,*dj4r-I?!ft !| T„,. || < j- (Hng-tf 

■te«£K(i) c , 

16.2 IfttURffi 

16.2.1 

K Mac W«g}?fflti,PJrtSi5m/gttl«iiH7 

w^ia^aj r T^F/c.R^e^^wH^^spasi?^ 
SSdWSR£KS5W)&f'f„ ^7Sza^?lffl,®^ 
toTniaS* nlfeSjgjrai : 
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"A 

Bi 

B % ~ 





[A i B 

c t 

Ai 

d 12 

, K(s) = - 

-C 2 

D 2 i 

&22J 

L c : dJ 


G C s ) 


31H16.1 # g w£3aipj^tK£ffi^i$8HEi,w g mKm 




rA - XI 

£; 

i c, 

A 

"A -XJ 

B 

L c ; 2 

D; 


Xd-J9fW® ReX>0 ffifllft; 

ReX>0 Wtftfci 


(b )Riai^w,Sn*[ 

mmnmmo 

JiEIB: flWH*££E]:fr©* 


Fi(G ,K) = 


A. + B 2 DL it '2 

bl,c 2 


£$2^2 C i -B i i” ,Ei 2 .DLiD2 


-A +■ BL i D 2 9 C 


BL*i D 2 


. + D 

12 L 2 DC 2 

0] 2 ^2 C 

.Dii + Di 2 Di-iD 2 iJ 

[ A ‘ i 

Bc l 



LC t j 

dJ 




L 1 = = (J-D 22 r>) ‘,L 2 : = (J-fiDu) *„ 
a ReA>0;M 

PBHS^^tb 

rA, - U 

L c, 

-t^pTISfft:* 


= 0 


fx 1 

L v -3 


0 


rA - A/ B 2 1 

X 

“■ Cl £>12 -1 

_DG] C 2 x H - D 2 Gy_ 


BLi (C 2 t + D 22 Qy) + Ajy ~ Aj? — 0 


£ 
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\A - XI B. 


C 


«fi,li = 0#Cj = 0„ = *T(C,A)finT 


□ 


# mi$£MA um *¥ T«r Aim w as#. 

16.2.2 ££g»*?®5£tt 

^ais.2 


P 




*p-p= l,P 2l '&^«,,K Q *JEWmSSI$,J»mT£i5te3s 

ffr: 

I! T, m II „< 1 „ 

(b)Q6rfrf„I || Q || „<1 0 


(b)=>(a) if P, Q in#(/-- P u Qr'6^«, 

M«fiE*SE*l*l«lJcWo Hilt.^a^ttWSg'IsaM. || P 22 || ... 
<1, II « II „<1 ffl/MSitateSBIo ( II P,i II ,„<1 J6H* P 22 
J6 P 

AfiiHK II T,„ II i- = ^ Wfs 

J*H«**HF*ft*. 4- II « II „ = : e < 1, ft jS @1 T wr = Pn'(I 

-p 22 Q)G^„,X4 «: = II T„ r || _ ,»J II «, II II ,|,PI 
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HJE&Si*# IUII 2 + !|r|| 2 = II w || 2 + il u II 2 , H Jtt 

II * l' 2 « || W II 2 + (a 2 - 1) I] r || 2 
< [1 - (1 - e 2 )«t -2 ] || w l| 2 

II T„ II „<1„ 

(a)s><b)„ %t£W I Q II 

mm* *> »■ => b-j, ii ii > 

II f II c Wfi k 1 = P 2 - ! 1 (/ - P 2 z Q) f , 'j = Qr # ii u = T z „;w,, fR $U 
±,P *«*»*!** II W 2 + II r l| 2 = || u,|| 2 + 1 v l| 

II 2 II 2 3S r ™ l| 2 o ffiH II T„ II lif Q 

s^rsw.amaust^is ^^(QO^nci.EiJ n q ii „<i s 

MF.® QG Q = .VAT‘(Kf JV, MG Q 

sp#4 x, ye xam yw = /<, 

QU - PnQ)~ l = n(m - P 22 jV) 1 e 
fa 

(/ - P 22 Q) 1 = M(M - P 22 JV)-‘ G 

Hitt 

XQ(f - p 22 q)-’ + y<7- P 22 Q) 1 - 
(M - P 22 jV)-' G ■=*=¥„, 

3^**^ .< J&Nyquist iWBt,det(Af-P 22 ,Y)«&ffl 

Hft#TVo ^Se_h.&^*fEFf^ W s = jco.detM "' ^0, ^«s 
[0,l]P‘j®W,deta-aP 22 Q)^#T^:(afiffl#llT II P 12 || „ 
<1 fd II Q II =0 < l)o 34 & det(7 - aP 11 Q) = det(M - «F 22 N) 
detM-' a &[0,l]R s=ju ,&det ( M - a p n N)^ 

0= "J^dJigife.detM Hitt QG^y/„,iiE 

-^O Q 

16 . 2.3 wMtmiz 
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T-mtfec 


n&tt$azw»sm£fr 

tt*m @&m m m , m m ^ irxt ra m mm a ^ m a ^ n 




G( j) 


A B t B 2 ~ | 
C L j 0 D V2 

c 2 o 21 0 j 


(i)(A,Bi)^m% ,(C,,A)erit»; 
(iO(A,B 2 )nmjift(C 2 ,A)rir*&»; 
(iiOD^rc, D i2 ]'= [0 /], 



®i2(O*B*fe^ir.«K0 : ftlgia(n)—SiSfiE ^2 

M -t" Hamiltonian i® K, HP 35 + 0 #: 4 1 M H 2 W J, JSx 
fSgfflMISS&t-DTiENjL 'fIS[1S®r3£ Ta^ 
fga, iE iu t—*4? # sij « »#, s a w i£ Wfli y a ft * @c, 4& ih 

Wft)^S(T t „e^„ > ),sajE(SS(i)WSv£r t) aW^f/HittE 

A+S9^A/»tf)^^±o fiBWS 16.3 iIt!J3Ta--^ 0 sj^, 
«S:(iiW G «F'g5iasJB'i2'®W3t^«i,{H'ei(.JffifHi^^©jE 
r ra 6^„ 1WS», (*#/«««*, 

G "KK ^ —f ftorW^BEABj^illWSSW,® 

^wsew = ) 

* l«-3 ^fllift(0,<iiOW<iv)J&;&,Jl!!|ftft|g£ K S a 

fzs T^e<x=n„e 

fiERB: S®a(i)^l,Xit* G .Rflfffi 
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#-»D.®[D 12 DjJ&-'MfS5#,W'J 


r/ 

0 


rA - Ai B 2 1 


rA - a; b 2 i 

-rank 

& 12 

Ci -^12 

L C, D P J fO 


L 

D ■__. 




rA - M B 2 ] 

L Ci d 12 j 

MVftitt RCQ'O M SSft , 3M& S : 



mm&o Re7>0 

(O*Ci,A)nI®» 0 ftlTDito: €,) = (! - D n D' 2 ) C x = C,, 
(Dl C ,, A si, aflfi a ( C t , A) c * 

□ 

Gtsisssii n„ o fn d 2 2 - o 

'f’o 

d 22 = o D 22 ^0 

[n]®. ^[fff.iHJaT — D„ =0 

16.2.4 

t-^/EW 7,®# II Tju, II 
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y m i=mm\ If T zw II „:if 

16.9 

EMnn-'r-m ii t™ ;i 

^5'Jo 

Hamilton £1$: 

H 1 = f A y^B,* - b 2 b 2 *' 

L-C.'C, -A' 

r A . y 2 C ; * C! _ C 2 " C 2 ”| 

L-b,b; -a J 

'£-% ^ fsi®»mn^»i& : F.je^(i ( 2)ifes5ff^*si^ 

W,0rW^BBfllS + H#»3ea 13.7*«ffi H^edom(Rk)^, 
j?i£(H„»o 0 ^„,«)cffiea»»?¥SE!Ra« 

^=> ££S£S!l(1.2)4feAJ$E9^t «X 

W ARE),-%H + H* ^-n-*j£MJgS#*S'& 0 M£S,^yii 
T*^,«ISW-t- Hamilton ® ($*(£$ ,®Tffi fifty ^ 2 JS ffl M 
Hamilton® rs„ a a ay saw it m ,s®si&et,jRHfi 

»50S», 

®ai6.4 wtt —ii T m Lo'.McaT 
t'JHi'&ftiS.t:: 

(i) H„ £ dam(Ric)S. X^ : = Ric(H^ )J&0; 

(ii) /co6 dom {Ric)B. Y„ : = Ric( J„ )X); 

(lu)p(X„ YooX y 2 „ 

Jfc^h, iiiiiE&ftapfi * a=f, - -Hftf Siftt SS StJ6: 




,4„ 

- Z w L m " 

Lf^ j 

0 
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At*,: = A + y 2 B l B{ X^, + B 2 F\> 4 Z^L^C 2 
F m: =- B 7 X^ f L»: =- 
Z„: = (/ - 7--y»X„)"‘ 

&S 16.4 


^ »ffei**r-jgffifla;£4t,(a*w-*m®WK 

sp#iwa„ 

*aavtMW#o 4 16.8 i6.7 is#j 

16.4ir + te«»^ffl J §.(MttSS@nW^Mo Z& 16.4 MffiM 

ifiw^®£fcttetm«#iscfl: T ifiTJa/>«»fr>i.#?± i6.io.ns 

Wife. 


j&sm.s ftp^sa i6.4 +w^#u)~(iM)«ia,,jiW»f : i4'fi 
II T,„ [| „< SJ« Mflpfr# 

HIS P¥ 



M„(.0 


&+ q €■#<#„, ii q ii „<y. 


jA ,;o 

- Z„,L„ 

z„b 2 ~ 


0 

I 

- c 3 

I 

0 u 


sb =v 2 «*,»cttieaisttAW- / hi*#» q 

s q=o(*®^- ii q m<7 W“+^'”),"Bny 

*#+-Ci-«£«8S K^G). 


i6.3 
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ui-®«it®(fasi».®aF. oEau&mwM 

sfA«r «) w , jf j&w ftiiE n in 

«e *s*^«o Jt®,•£ ft«iit$» t rsa&» ^« 

stt«j#^3£iMffs:,wjgst i6.2„ ax... n *,^ii m- /»i«& 

is. a i »j m ma, % & w ft it w &, nn * m » * & & m sa ^ fw m # 
su r»j m.mm h mtmji mm „ 

a X„: = i? I 'f(H™)ff-&,Ji!lJ Xo.SSJK.WT Riccati tg 

a' : x„ +x„o4 ► cr c, + y 2 x„ij,ij,* x„ - 

XooB 2 b 2 ‘ x 0 , = o (16.D 

4”x S?5 G TO ity ; tCS,£S.)i53i' X^jr(t) 

X^x) = T 7 m ^ H 

= + X on A )jt. + 2(-w,B* X^x) + 2 (u,B{ A'„x> 

M Riccati JrmtA A * X\ n + X.Af 

^Car* X„jc> - - || Cjof II 2 - 7 2 || II 2 + 

II B 2 X ®j: || +2{iy,£i 1 X<» :r,? + 2( w , J3 2 X^t) 
MBMm Cur ^D n u 

^ x * X ^ :r ) - - || z [\ 2 +- y 2 || w \[ z - 

y 1 II w - y 2 b{ x^jt 1 2 + || u + b: x^x II 2 

(16.2) 

= , R*f(i6.2)M t=r 0 m t = 00 ^ 

ftM 

II * II ! - r II ™ \\l = 'I u + b{ x„ x l( i - 

7 2 II iv - y 2 Bi X B I |J l = 

II v i \ - y 2 || r || \ 


(16.3) 
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v\ = u *■ Bj X^,j: , r: = in ~ Y~ 2 B* X 0 0 j (16.4) 




1 

Af„ 

y~ 1 B l 

b 2 “ 

r 

= 

^ 1 ^ 

0 

i>!2 


- 

- y-’B; x„ 

7 

0 _ 

- 


-1 
Tw 1 

■ v -i 


A;.' m : = A + B 2 F™ 

C ] y 1 = C| + D12 For, 


m 


b 2 

/ 

kV J L C 2 D 2 i 0 . 

A rmp : = A + y ' 2 B,B? X m 
F™*n 16-24^4^^. <7MTMlttM^/.N 0 


1 A fm/> B x 
- F« 0 

D 21 
































P 11 P 12 

P 21 P 27 


A f 7 B, 




- 7 _l Bf X„ ! / 0 


0 


(16.5) 



!" A„„ p , B, B;1 


(16.6) 


#S(i6.3)^,+,a*,nr#5E» r fux, a»jt(i6.4)^«»ji;,a 

*$sfi«r t„s'wisiii<i««c ft,esu i’ s ,,„ 0 = / ‘t,*i 
r v( „> = r ' 'T.,, A^rS(i6.3)Hr BPTJ» J T«,. 1U<A3H&3 
II T,, r II „<7 = fifiiiF.HJTB-JlJl 16.8 



A^raae.s)^® u = - B,*x„.r MAut, IU II1 y 1 ji w li | 
&ft A M *XT MT Hi 3ft A. Ji g (16.3)itft*,frft & 
*mm, u ^-B;x„x a --4 

a G lmp m OE MIf .ftfiMf Wtilil^a 
fftFl ftfflSSA r AiKfiA 

F„x«fBo 

Sit ^OEfulMo Tifn'!|4B£«J3SiiilJ£i& 

oe i'ujs 0 MMa-jk.irits? m— s*+ 

#5E, 

f I a 16.6 ® H„ e dam ( Ric ), X,„ = Ric ( II^ ), JtflJ A,-_ - A - 

X„>0o 

SEM : SSf#?U X„IW Riccati 7jg#fM F„*M C lf - 


Ap_X„ + X„A F + 



(16.7) 
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FhT H™ e dom ( Ric ). ( A f ^ + 7 ~ 2 B , B' Xo- ) * @ £ » , £ jtfc 
(ii,' X«. ,.4 f ) B 1® S'! £tfJt, SJkj Lyapunov (Tl'S WtSiftitJ SK .W.'jl 
3.19)»,A r X„3=0„ 

*-S(16.3)PTWJ« 

IU II i + II 7r || \ = !' Tto II | + IU | § 

jiig/Ka x»> 0 B-|,n ujffifirt&iauil MigUdliWTa-Su 
!I1 16.7 £ H„e dom ( Ric ) , U X, a = Ric (H„ > 3=0, PBS 
(i6.5) n &=*=¥„. tKSrt&ft# a p 2 Vt 
iiEBfliFtl'jia 16.6,A F _fi^^«J,St PfrfJl,. lil^FP »I1I)W 
SJKI: Gramian JS: X-, ( HiSi (16 . 7 ) ) lil <?i 


[”. '1 


+ 

V'B,*' 

X 

L D{ 2 0J 

.- 7 ‘Hi* x..._. 


_ h 2 * _ 



Aifn'Jg^l* 13.29, bjwjp p firt3ei$(p~ p = ;)c ajg.i'jVW 
ttSMI^ja(yi F _ + 7' 2 iJ,Bi*x„), Hilt, 

p 2 i 1 e^„ 0 □ 

T®«5UW 16.8.2 =p 

lawns is .3 # 1 ,# atm gat [bis *, 1*1 

51 a 16- 8 i# e dom ( Rif ), H X„ = Rif ( H„ »0, M K Xt G 
II T ra || „< 7 . ^ a (X 3 X *f G IW , * # # « R 
II T„ ll „< 7 , 

iiEBS: BTS K »Tif6;E nr*ft»lft„ 0]©* 

16.3 &,7' TO Wp‘m$£t%4£ift ; F T In ,e^Ji mo 
4r ReU)>0, 



M - ^ H, Tf 1 

°1 

^ c 2 d 2 i -1 

I- C 2 D 2 i J L y~ 2 B' X„ 

J 












det ^ 


A tmp ~U B 2 

- I 



\A*n P - Af B 2 1 


L - F„ / J 


nm$ko 7vA3rtisj£*fc,fliJEb 

k T w e^ n g 

ftG tmp $ K^G 

16.2 

filial i6.7,#^ffr[fiffti:frSfel*lft*u e 

T v (y) G *?f--§, :l T zt J^Lt) ll Ou Cl.^-Ktts 1 T„ lM= „<lo j£ 

^Wit, II r„ II „ < 7, II r„ iu< 7,. 


c 


a a± ftm , @m##. m& hjk«h m ,»® ; 

(a) H„ € dom (Ric ) a X „ = R*c (H„ )>0; 

(b) II T v , || oo < 7o 

&ffi(a),1B*f —'t'FI |BJB„ Hffl<b)fi—^ OE MJS,®|SJ@iiJ 
FC W OE f«lffil'Bl«3fe**», mj FC |uJ@Rj flJ 

ffi EI te^FWilT/* ,#+if vts®#5* 

»|S)«» 


16.4 ^ftJi.|Si@ 
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" A 

£i 

b 2 ' 

Ci 

0 

D,2 

\n 

r° 1 

r°i 

_Lo -1 

-i \ 

LoJj 


TA - aI B^- 


P.&‘j&ffl\Eili ,&FI 'ffiatfi K 

ja r ra .e^„„ eg# 

.§,,ff-&M£UBBI7tt® j: d 

wsfcflceais-tbffffio aff'Wad-tfenTiiifiR^jpjai^siiW 

ttSS«i(>, {aieftffiifl,—fiSttUT a 2 ftfit*, 3rfH.fi MSMI 

at,3rfa.s.rfi]®iir»d*So aw 

1H**iiffiTT$4 , 0fW&l3<J D,,^o W—Mes^i® 

® .fa fwate® m —# a f* ffifiis jt; # r sy * ffttj 

i£o &®dj£i«tpi]®a&j£».*5 FI IBUfiffiJfeWfgaji i 

(i) (C,,A)nr#M; 

(ii) (A,B 2 )uJ$j£; 

(iii) Dj2 [ Ci I^i2 ] = [0 I ] c 

c 2 fu d 21 @«,'(s— a»itisfflHfa+w«a 

(ivKJl 16.2.3)»(um@JT^r*»jtoffi„ 
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sa 16.9 fi Kis)®# ;l t„, || m < /, =s a 

H„€ dom(Ric) J. = file (H~ )>-0„ jSffil .SafijilS 

II T„„ || „< 7 W#iStft* 

K(s) = [F„ - r J Q(j)Bi X„ Q(.t>: (16-8) 

3t^ Q6^„, II Q II „<y„ 

iiatt® ste =vj »ss-iii,j/ 2 w 

—MK^ES'iffi^.^-SEwasiaa b, ■=*, $e 

Ttel»J^o j£-KSiJ**i:tt»£g 16.9 sawis®!!# 

i6.4 wfcmofsra. 

sa i6.9 aw 

j»#« H*. €dom(Ji(c)®l*# X„: = 

K(s) = [F„ 0]££tfi T„» 



xat t™ = 7p u ,#* p~p=n#a] pr,Fi, = /-p 2 _ ,p 21 ,@t 
II Pi! II ~<1.» II T„ II „ = 7 II Pi, il .*. < y c 6 318 16.6 », 
X„3s0 K tt 

a 16.1 Si/£ S dom(Ric) M. X™ = Ric(Ha ,) .'fr — ?l' ilSJ 

0Mi*-@(i6.3)»iiJWTWW#5S:: 

IU II 2 - r 1 II w II 1 = || u + B 2 * X«,.z II 2 - 

Y 2 II w - y- 2 B; X„.r II 1 = 

II » II I - Y 2 II r || 1 

TO^O, II T m II -< 7 II 2 II 2 - 7 2 II w II 1 < 0 = •£&-&■ 

* r^=0 iftl II » l|s- 7 2 || r II !<0o W t,, nJ2# 

^ = Qr s£gj$ W + B 2 *X„.r = Q(w-r' ! B 1 j),|(liS+ Q 6 

^„WI Q II „<7,6Jt#SJ^r@(l6.8) <> 
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r = ic ,A)^^.um 


. \A . 

SSSlPiaRM, K= I 

LC ' Di 


£*2 

o 2 _ 




ft II T™ ||«<lo G 


ams«^*[* 1 ], &<p *2 "°t n »iw,tc,-, a,,)JIM, 

AnMfc J# SijyxTfBJFtt-S^re: 


^1 


An 

0 

0 

B n 

B 2 : j 

~^i~ 



A 2 i 

A 22 

0 

B, 2 

Bo 2 I 


^2 






I 

^2 

JT 

= 

Bu 

B 12 

A 

b 2 

0 ! 

J 

z; 


Cn 

0 

0 

0 

£>12 | 

IX* 

_« J 


X> u 

J^12 

c 

i^2 

o J 1 

lW _ 


gM-'t-Stttg. G ^,*, msftrt) 
#sua& i- »ij ttj*wsrs®i^ k^.mi 

An i B n B 21 

Cu 0 o i2 


<A*A^) = 


KE1 


roi 

LoL 


&BM}£ Fr («lffiKi'IHTS,fl.TffiKi k„,„® G^^iS#® 
f££SC I T w || m <l,K+ 


II 

% 

A 22 + B 22 D 12 

B,2 

B 2 2^ 

A 

A 2 i + B 22 -D 11 

B n 

B 12 + B 22 0 2 

B 2 


6ia 

c 

On 

D 2 


X~>0*¥ G^WH=oRiccatiSr«,S|I 
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Xoo — Ric 


A n 
Cn C u 


m g m Riccati 


B u Bn ~ Bn Hii) 
~ A n _: 


Ric(Hr) ^ X„ - !*- °!>0 

L 0 0 _' 

Hit, c, ,A)& nm»M 5 

il 7™ II,,, < l„ ftjfegiJ.iltiK 
sup ii z ii -) < i = HutTiCs* 

v£ HA, , 

sup min II r II 2 < I 

* fK*£ji 7' 2< «—f--7-*,S 

fn.MiEa is. 9 &, s h ci£f h„ e ^ 

< fiic), X„ = Ric (H,„) > 0 0}, is & !&iL = T tt „ 

(<=)-|S 3 £ H*,£dom(Ric),X«, = Rh-(Hn)> 0 ,iLU K(s) 

n r„ u „<u =«- 

F'ooX r: - w - B{ X„ _r .Bltffl JF 3^ SESn 



— 

U 7 

rPn P12I 


j Pi 



P = 

Cif^ 

j 0 D u 



w L P21 P22 J 

-- Bf x„ 

I 0 _ 


*5lffil6.7 33),P*rt«ffB.P 2 , 1 6^»„ fJiSa 16.2 » 

II r,„ i T, r e^„n I t„ i| „ 

<U v = Qrfi 
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mstn 

(k - rp- o^)[ J ]=-- Q[-srxoo /l'^l 

L W J L VU j 

K-[F« 0] = Q[-B,"X„ I] 


k (*■> = [f„ - q(s)b;x. Q(s)] 
q e II q ll „ < i 


s-^iwmsiMo □ 

a i«.2 

k, = ef, o],*^r F 1 ^Fo. i j»m^:i*®» q ax. m^±a» 

sa 16.10 siea i 6.9 ll t to ii „<>■ w 

£ W &m£«!l S IBfc#SS :it%K = F l (M el ,Q) 


w 


, > J 



MW 






A + B 2 Fve .: 

[o B t : 

B; 

m fj { 5 ) - 

0 f 

lF„ 0] 


r-n i 

1 1 °1 

0 


[ 0 J 

l - 7 ! Ui* X„ I J 


S , t ) Q = [Q 1 Q 2 ]e^«,W 1 « 2 II „<7. 

a 16.3 Q, =0,^ 

K = [Foo - 7 _2 Q 2 F 1 *X 0 o Q 2 ] 
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16.9 


ftRf?: 1 Q z 'f »<r,F i {M H .«)#jSSC J fe^0FM uo 

v — u t- B 2 * A"L>j x , r = u- 7 2 B j* A ":c 

|" 7 'ii, B 2 1 r , n 

| Cif h 0 JA 12 | f 7^' 

L- y~ l B{X„ / 0 


7rJ 




- F.X! 


El B 2 

0 J 


[ / 1 r°] 0 i;j 

Ly^B^XooJ L/J J 


+ a„,, p : = a + 7 2 b,b;x„, 
±^*§EW1SfflJ4^JIPTt 



Htfip $n2r@(i6.5)l£tfj .Jt-a 

^ mt/. ; B 1 B 7 

- F„ 


Gt-r — 


0 


WJi[",l • 
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Jitt£7/^bJiit£duxn/vib^ 


iSfcEtl&flP- 16-2 *H|JS 16.8 K M,G FI Mm'\ 

ffift43S,_a li T„ II „<7 nt,K *G WSP^FSWS.ii II T„, II . 

<7= ❖ /. = [B 2 F„ - B j ], Jli!| A lmp + L [ ^ - j ^ ] = A + 

is 2 f„SiSeo Xffifia A, mf + B 2 F...-tHS&ieW,Hjltfiff'CN>^ 
GVrff'jffiSSI K = F, (M,a>),3> = $, 3>,]e 


M = 


At mb + B 2 F 


+ L | J , ] ; - 

\-Y~ 2 B,'x„ j 


f 1 1 

lr" 2 Br A'„J 


L tf 2 
0 / 
7 0 


r JiJ -c- « ft ii $f? 1^ fir r„ ■- F, 
( , F, (jVf, $) ) = : F, {,\ r , £ ) 0 |? ill; 

0 r \ 

[) J 

£ t„,. = F t {N, ®) = <p aa *nt, j iu < y inr, 

II T vr II „< 7s K=F, 

$ = [<3>! <P 2 ]£.=*<=¥„, II <P 2 li -< Y, FI 

A +_2Ja ? F„. ; [iJ 2 F* - Bj 


M - 


[/““BT X„] 


/ 

0 


*1 = F - - 7 2 Q 2 B* X ai + Qj, - Q 2 
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16.5 £ & #J 


A . B, [/ 0]' 


g (s) = Cj ; o jo i] 

c 2 i D 2i 10 oil 


h m &^fn m si m aw* ra is„ ±»m <fco r mmm 

Fi , 12 in 

*: 

(i)(A,B,)Hr««£; 

Cii)(C 2 ,A)oTgWi 



3£S 16.11 FC (SI®#*—Ills K(,v)fSl# II T m , |! „< 
j„edom(Ric)W y„ = i?ic(j = c)->o, jifc^MnllU: 


l~ - y 2 y„c,* Q(s) 
«(s) 



It* II Q II „<7 » 

irt)®MWS|S#, 5 gJS 16.11 >+ J fr-i&f+ ii 3 Sa 16.4 fltf(il)^H 


16.6 f # B'J M 


'A iBi Uji 


G(s) — Ct i 0 D 12 

c 2 i I 0 . 
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JittgT/vibjhited^n/vibbb^ 


fMgii fi rafi^rffira««a(i)~(.i;)= 
sni: a - b , c 2 js«®w«a= *Ta^ffi^t,##4SfiE3ia 

$a 16. 12 TifclTtfSt(DF)ft@# 

II T„, |l ,- < 7, SHttS H^erfomOttc)# X, = J?ir(H„» 

Oo '! r„. 'I «<y 


y 


e 



W + Q64J(„ II Q \ „< 7 „ 

iiEBfl: &#:&-'f'j£$!|3& K df M: DF ft ISM ft?, BP | T,„. || «, < y 

*i. JJIJSSeS i2.4,JSa^K FJ = K nF [r, /JfitflfiM =v.„fi 

ftM&tllftc @jlfc, Hco £ c/o?« (Ric) ^tl X,„ - R,C 

(h„)>o 0 fi ftgi®wr#f 

W= SE,I'}K f7 =[F„-7- J Q(.,)B,-X„ Q(i)]f F,(M„, 
Q) = F,(P 1 ,j. > K Fi ),K>f',P CF SU|S + -$ft9 12.2 ff 

{fcl3'ffl®S 12.4,!JiJfeafS Q)JfeDFftS|l<I1ft 0 

*ffiW** il Q |[„<y MF ( <M«,Q)*ftft:£® DFJ^ffc 

« - M + s 2 " X».r, 7- = w - 7 S s,* X„.r 
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: 



! 

y 

l B, B 2 1 


C,F_ 


0 

D ]2 


7 'B,*X„ 


I 

0 


Afm/, 


: i3; 

fV 


- F„ 


0 

r 


_C 2 + 7 2 B,* 

X, 

„ : 1 

o _ 

(C 2 + 7' 2 B* 

X. 

□ ) = A 

B 


Gof — 


*tmp u\\^i ' r "1 *> <*> ' *» "V—L Tt4 n-tmp 

BjF.fiSEK.KKMf*! G DF ,g|a 16. l 
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mntJtkfem i6.2 mim k£g df m% 

If T„ II ,„ < y W,Ji!!l K MG Kl® ft }£«,.«. 

ii r„„ ii .<7. 12.8 rpw&mit&ftm, 

S#lB,*tr QErfJj* i£»£<)#) 09 F,(M„,Q),#«t^ 

t; DF w £ w & « ; s iirr, tw % w ft *fc ® » ffi bjj = f , 

(C,»-, F t ( M,„,, Q)) = Q, ft S II Q I „ < r W, * 

II 1\„ || ,„< j.MitMti Q e *av/„ *1 II Q II _ < y &fj F, (M,, 


16.7 Hi lii f£ it 



A 


b 2 ~ 

GC.0 = 

Ci 

0 

I 


c 2 

^21 

0 


TEiP FCfi fi #,^fnjsji riK £t<i;*HSi'5)S£o 

Hitt,sis df st 

(OCA.B^bTHS.A-BjC! jt&Jgftfj; 

(:i)(C 2 ,A)crj&S!l; 


mm. i6.i3 oe ras^ft—n r,„ j „< 7 , ^ 

S.C155 dr>m(.Ric)£L Ric<J„)^ 0„ llfcft, if jS-g^flWld , 

(I t„, II „< r M^#fttem^eg#®c-ft;*/ 
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Af«(s) 


A -i- E„C 2 - C 2 C, L„~ B, - /- 2 V„C7 | 

| o ; 

Cj : i 0 J 


oe^„, ii y :u< 


tfc« oe NJg+iKi =* 2 

R«-(J»)W Ri c (/ 2 )*j£, Stt =V 2 
c, Hifcfttt ^2 ft 




16.8 # ft m it 

fJ ffl Btr a jl= 5* ti a be bj tmmtmwMMM, st pj ta fij m ft 
s^-s-iiESsa i6.4 wsga i6,5. 

-ftR Jil fti+|5] Sg Wfflf}-, 

tt rf 2 i$iw*sa:s*,*si(p.^Hjtfcjfqa^r-ewsito ^ 

16.2 u. 

16 . 8.1 

fts* 16.4 ©mm 

r A - Z„L,„ 1 

= . I 

_E... 0 j 

A..I = A + y~ 2 B l B“ Xoo + B 2 F„ + Z„L*>C 2 

F„: =- B 2 " X„.L„i =- y„c 2 * ,z„ : = a - r 2 Y„,A„) 1 
** X„: = R« C (H„).Y„: =R, C a„). ffi II T ra H„</6 Kj« 






- ~ 


JittgT/viWiit^d^n/vibb^ 


(i) H, e dom ( Rk ) K X M s = Ric ( H * ) >01 

(u)J„6<fom(J?ir)R y„: = RiV(/ oc ^0; 

(iii)jo( x^n y„)< r 2 , 

ea*tt(i)wsT4M ( h) xtJts w *# „ 

Mffi,** fi* fc 

51 a i 6 .i 4 ii r„. ii _< 7 Mm^teM,M&f i Ki)« 

(ii)fi?3lo 

iiEW: 4 - k Jlffi || t m IU< r M-^fTffiSJfi.MJSftfilSg 

«[c 2 D 21 ] *FIfS]SfrJ*| ! iSSr^^ai6.9,H«,G^OOT(R I c)* 

X„ ; =Rit(H„)>0„ rtWSK3@^)^#(ii)SSt^o 

□ 

&#MSE**g-a- 0 aassjgs i6.4 

X„* XMiSt.Xift 

ii'ttSirSSU Z" 1 J«$#®5S; 0 M Riecati^a^ X tt # 

U - y 2 Y„X„).r = A,i - L„3> (16.10) 

“ = F„i (16.11) 

S4 3 A,: = A + B,F„ + L„C 2 + y 2 Y„A*X„ I 

+ y" 2 Y„c,*c,» 

i = Ai- -t B,U.„ S + B, u + Z^L„(Cjj - : v) 

“ = Fooi-, = y 1 B,'Xo=x 

M^aiCttse.atrsrwTasiwfnjig: 
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2.Aff-£ Z„L„ftlf f L„? 

mm i6.4»ffi?i3SS7as*JSjt*^#a«w^^»ff ,n 

«W, : = 7 2 b; X„? 

-ftw L„,1iaSfiHIS*«4> t «"1litA^ tt 

j W ft if o 

16.8.2 feMU.4tf}W.W 

gia i6.4 e®t£ga#:(4(i)*(ii)w n t.„. ii „<r 

in lG.sT.gJiSfWT-ttfnft®®* 


r 2 j?r 

A Ki X , 

v : — w + ii 2 ^ Afca, jc 


. 

3i. n 

- F» 

0 

g r -<w 

1 L w J 1- H J 

0 J 

L c 2 

1 ^21 

4 . - 

- A +- 

7 % BiBiX„ 



16. 8 #Sn, 4ia.«a} k A 

II T„ |)«<yB*,.K *g 'I T„. !| „< 7o 

iii.lBSHiEiW G, OT/ ?Jt£OE.fclMi}<]T7!lfti2: 


Sp f> 
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JittgT/viWiit^d^n/vibb^ 


(0 ( Atmp . Bi> «Hft£ ■ + B 2 F^i^ ft : 

(iOCG^.A^MM; 



«ia(iii)#(A wf ,ij,)am®.Br2;BpiA®3a 16.4 
£##» . A,„,„ + BjF„ STi H„ G dam ( RR ) 

s'jo TwwoiJas&mTfHacuj^sw^fr. g,„,m 

#iY-S*!lSS,MiBPjft»#©iaCi0*± o G,.,»OE- 

Hamllton SSWfe: 

r Ar„ p y 2 f;f„ - c 2 * c," 

mj - 

- - ~ A mp 

51 a 16.15 # J mp € iffl» (RF ) ii y„„,: = Ric ( J „, p ) >0, M ( C 2 , 

s?iii i6.6 ffiw(s,»aii9iP! 0 

- Y',„ p c 2 *c 2 )&mfc&j* 

□ 

X„W Riccati T: = |/ ^ 

X- (W = TZ (/„) = TIm[ i 1 , ] = 

, r i - r _ 2 x„ y„ -i 

H y,„ J 

p(x m y„,)< r 2 SifS# j, mi ,€ dotn (Ric)^n y,„ p ; = Rk(j,„ p ) 

— Y r GC. ( / 7 Xoe. ioo ) - Z M Ya, ^0 c PI itfc , ftf I J® 16.15 ^fl f 

X'f 16. 13 £ 

16.13 Q = 0,ft@J—'Hfc* 
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A +- y 2 fit Hi X. - Y tmi ,C; C 2 f Li 2 F„ ; Y fmi> C : 


0 

IL II T„ r |l » < y P IS Jlfc, (U £ H 16. 8, K mb famfe G ft a 
II I o=, < 7o 

i&W&i) KKM II 7W IU< y 16.14 


ahtf^e^mCRtW.X*: = RvV (K,‘r),fll 

- Jto (J M )>0o IB 91 a 16. 8, K *t G^p&ftVtt tfm 
ii r,„ ii „< /„ asm# ok iss*tw G , mt !oe mss nr 
M,WcM G.^&m-xLM 16. 13, 'fT j Mp e rf®, (Ric ) fq = 
av)>o„ fjffl w«i<K3S»&iEi;,ffl 

a y,„ p = a-y^Y„x_)-‘y,„x) c y mp >osst 

Sptx.y.Xr 1 . 

* y.** ft ts a t y,„ w >o ; - y 3 

Y l J?x„Yl^>o, ffiVX f>(YU 2 x„Y!t i )<r i j&fi<x„.Y„)<r 1 J 


y„ = u' 


3C-+ Yn>0 o O ux„LTftto&tti$-2t 

[X u Xu' 

VX a , U = 


[ y " 0 ] 

L 0 04 

rx n x l2 i 
L\, r AsJ 


1^ 


0 


v,_„ _ u-[<' - »1 

L 0 

.ft## y 2 >,o(x u y 11 )( = 1 o(x^y „)) 3 n 

Mitfc.fjftffiidiWSiJ 
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if H A -tt it ft ft 4ft ii) ft ft S . 

se-ffixt 

- b n tel ss it &, ffi m ± s-p & tt n a ssft # ife ft ft vx ft * fa ft«» 

(JtLjafS 16.4 fOjfelS 16.5 ftffiHJj)* 

#*!#<r6f&-lt!4i6-itll , 

ft --4 2 .fHjltft =o„ 

16.8.3 &JS16.5 WiiEM 

Etlftia 16.8 *1 .te l| T„ || «,< y a?G «l£SP&frgftlSfU 

T,„ ;[ „<7 Wc;„ /1 W^:®WiT^I'JfiWftfr= iw 

ffiga i6.i3Siifei#i£ 0 

i: 


16.9 Jftitft 

* fj # ft in a 9H » ft it fj y sB'f ftiiffi 

®6<iT#SW,H>j r„*M Ji„,ifc{£iSi¥j$H3:.:. rti ^JeH 16.4 4ft 

aiT® (I r.„. 11 „<r ft @ is# ft w a k & it, w iv, 7,,,,^ 

W'M^tKiisciiOftj^ft-p 7 WKii# c 16.4 

-ft, olfg-KiJS^ft^it- 

Jf r.„ ,l£J£ft.S$i£Jt§ii{i= WMffi 

,mm 

A ft" ft 16.8.1 y 

= tiJMfiJtIV&JSftxft, HlmffiftftJg 
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“ 1 m —— 

t&% si*®*#asss„ mw. ;#« m us »sx.m ft 

Y“‘ft Hamilton 81 PtAt 5 - 

w&„ 

Sx—“.Ml# H„—H Z ,X„ —X 2 ,^3f;#.R K^— K 2d 
a-* * Jt* *ft'fjFf J® ft +■ 4> &' ®J $ ( Q = 0) ft ft S* & » S „ 

eiwxt k^js— t g ^ftaff a-w, ftfej:, a~-4 

ifl.T ^)*S II * II ? - y 2 II ™ II l ftMAflMtgfrm, 

icfS y 2 > /i > r,. P ,, W x„ (X!) > x„ (r 2 ) fli r„ (Xi) > 

Y„(y 2 )„ sitx.fl v„M rft 

JfiSSfeo 3 X^ 16.4 1-ffls 

4nmn*^#(m)^j®i£,it!ij7iiwffixrfteMibiiEw 

iSftJ S Sr# sa s£# 7 = x,,, fl-J *® ttft, UP *{£&*!] IS Uj T it £ 

(I - 74, y~X«)j = Xl^r - jf (16.12) 

« = F-i (16.13) 

JtV .4,; S A + B,F„ 4 J.„C 2 + X^Y,,, A * X„ -t- y^B,B," .Y,„ 

+ x;, P ?Y„ cv C, „ JSLT fifftWTo 

S*(i- x^rXo, Y«)^nn£,^)fujBa 16.4 + M£it;#a 
i5Wt < i) sl & ft (.,) A T fftlt (. ii > A l£ A * 
*a»a--^%fg^ft(.),jf^ x, &« 

dom(l?! t .)f‘lftflAft Xffi.a X fSffl/A.SRIitPjfS^ Aft 

&&*^¥£f«l:fc*a;Et!fe4££c£:s'.#tto ixtlHtt.RI^ftlK 

x = Xi ft"ffc A-aiIMt, (5iJ 3 x - >- X] (A AS«/Jt50) ft 
x>(x«)^® 0 xt y<x,,H»Tii«.l;®f«t : *»« <««-)„ fa x„ft 
x-ja#ft x.RSJS n- - x„,.r M1$ II 7A II „< 

x,flii‘f''^M/fcfto #W,T#!lft^ -S)!£> 0 ins# y = y A ftt: it 
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umt ., m h~ $ jow cRk) 0 <aT*m#r Ru^ti ;/® vxnn 

x„ , aftfriss u = - b 2 ' x .,,.r il 7\ , ll ,, - 7 ,, *■/ 

fiS r < y,, m ® fl; t!i *? 4< $ «v. Jf- JJ. ^ -ff * il 
II r.„. || „ < y, »*?*»«, 


# m asta a «■» at ja ^sp« se s* sg m -fs h m kth 


%■-. #.W. KfiilW^r.gp^o 

r~ y, ifinas «f y— 7| ^ 

i 0 (x,)— «j ; y-'y, fl't /j(x,,)Wt^tiH|S]#ft v\,W 

^S(5|rt,-ftpM!^fKui)nrfi6S£ y ffl$*n>f>f<j£±= wat&ft 
(i i i) ft # TtJ fl £ a- fcf- A ir „ Su * ft ft= (i) j£ ft ft (i;) R l*j * 2;- 1& £ 
ewffi 16 4 nifr#:ft y = 

tv M ® RffiB-t W ito K ® ft$ft u js. i$ m =f ff iin vx & 

Wo v-C W^f-f-OiO-W® 'V 

as &&■& w N ®n imm.® r „ 

m 16.1 ^-^.JRSj.&jRaWSSttiwT 


i a . 1 0 ] b 




0 


. f'z ; [0 1 1 0 _, 

K4’lr,l>-|A 2 | >0„ WJ»,HiS.©fnj®fi(j^Sjifigaf l !5lji ,R 


1 b\y~ 


£2>f"l 


H. 


a 


-— L a 


— a 



■\/( a 2 + h\ ) 7 2 - 1 I. 


y 


aU- ) = 



^/l a 2 - c \ ) 7 2 - [ i_ 


7 
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a + bj\ a f c z / 


H 


X- (H fJO ) Im 


* U-> - lm 


\/(fl 2 h cl)r 2 - i a /1 


7 

L 1 J 

ft^iSWTWWIf 8i: 

ES*iS 7 2 = Af>— ItiW, 

^2 \ tl + 0 2 I 

V(« 2 *- bl) 7 2 - 1 - ay = 0 

i 7" ^ , .^ J J dom( Ric) n 

a -r O 2 b 2 


x„ - 


\/( a 2 + 6?) 7^ -1 — ^7 


> 0 ; 


< 0 ; %■ 


^rr 2 >-. 


1 < 7 2 < A 


^ + b 


A + B 2 Fv- j — - 


a + b\y -J (a 2 + 6?)/^ 1 


< 0(®&); 


*7 S > A 


>0(*|M£); % L <y 2 < l 

a + b 2 b 2 
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A + R 'f b 


L,,, = 


r A + B 2 J r oo Bi ~| 

U: t + d 12 f^ i o J ~ 


a + b\y \f {a 1 + b\)y~ 1 r n 1 

b\ r 1 - i 

1 

- 62 / 


U/U 2 + -- 1 - aY_ 

Jt->tt£Sf5 7 2 >^,T n .m.M-,M- 2 J -,< y 2 <-k,T m X&£c a 

b\ a + b\ h 2 

iB.RTJitiiEM^-^W r 2 > ,*, 2 jP 7 2 ^F# II T„. I < 7 , fi 

a~ + a 2 

*S,Stt ^SESAtj 
"2 

£ r 2 >A»'J 

b\ 

H m €: dom ( Ric ), J™ Jom (F?V), _tL 


X™ - 

= 


-J (a 2 ^ bj )7 2 1 - ay 

7 


> 0 

> 0 


■J (a 2 + c\')y 2 - 1 - ay 

* 

^(x«y») = 

_r_ 

(■n/U 2 + /^)r - 1 - ^r)(.V(« 2 - <i)r 2 - J - <?/) 
y 2 ^ 72 W >( n(x„ ft (mm ft Tift# 

tJo 
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vV.o 

2.a<o w.e 

dom (Ricj, dom ( Rit ) , 7 ^ ^2 + ^2^ 


X lJO = 


\/T « 2 + ^2)/“ _ 1 - 


> 0 


- > 0 


rnm.n 7 2 < 


yf (a 2 + ?l )y 2 ~ 1 ~ a? 

^ , &\ ,H m Qdom ( Ric ) o 


a + b\ 


»Jtfc,#&W«8iT,£ 7i=- 5 r- 2 .® don,Uiic)rte PMWl-t 

a + b 2 


C H™) = Im 


1 


X„ = - —JiTlfi Riccati ]/!»-«: 

a 

A ' X» + X„A + C,' C, + 

7» 2 X „ Bj B |‘ X,., - X a ,B 2 Ii 2 ' X. 

A+ y 0 - 2 ii|B,"X„ B 2 B 2 *X,„=0„ 

• 5t 7= 7o ft F„ = fl 2 " X,, ,»J A + B.F^a! C C , Sfc 
b\ 


6 * 


T ^ 


1 01 


e 


H II 7™ II » - 


yfa 2 b- 


■=7a* 
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■ = \c 2 -,WvJMvE 

^2 

p(x „ y„) - 


(•/"<V •■ 65)r 2 - 1 - a/) : 


< r 


jft_£, a flfcSf 


y > V a_ 2 ± 2bj + a I > _1_ \ 

*2 l j^ + bll 


v< 

&-£m 16.4 

■fe a >o» a<omnffi$i t P,?r\b 2 \ = l t - 2l ,#HiS9WM 

&Vt Y PbTjU&tft: 

' ^ ^ _ 4 2hi 4 fi 


7ll« = — 


___ loin _ v 

U <‘t>i rr—,- ttt— s. - ^ 

V U~ + - 1 -- a/ ()/tJ 

#I£U, ^ 12 = -' 1, * 2 ” 1 = r 2 »JH'J 7,, f ” v 3 - 1 = 0. 7321 , vi opt = 
- 0.7321 jf Q iitm 


r- 1.7321 i 1 - 0.7321 1 


T_ = 


1 0 0 I 

L- 0.7321 I 0 - 0.7321! 

0.732U 


O 


16.10 e-Mf?# 

Whittle Sf&T.fFftj 

h m w « % m a t- ¥ * e-s t m „ 
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WhittleCl981)WJ0S, 16.10.2 jT£S 16.4 + 

Glover fn Doylc[ 1988J B& 
iiE 93 , + [Whittle, 1981 ] rf ft # d 3 W*tt 

whiuie T-^d->35S*w 

mmtmtitmmaiL whittle, i 986 >, 

16.10.1 

^T6-t II T|| „<y«f# TOWWJE** 

i(T.y) = ■■ In I det( I - y ‘ 2 T * (.j*,) T(>)) ( da. 

HT,y) =“ £r„Sln I 1 - rVtTO)) I da. 
/(T,7)>0,Jt<ft <7,(T(ja.))* T(ja.)WS i 'i'~-fr # {fi „ |S[# 

lim/(T,y) = ^j“ oo S^(T(>a.))da. - II Till 

/{T,r)I»!i ^ m ®fttt(7^ II r II „)fn =^ 2 

Glover Mustafa! 1989] tiiSE BfJ, 16.4 Hi (ft ^ 

|| r 3ti , || M < yJtTIWiJfeft/jN 

~ h\.J n 1 del(J ~ y~ 2 T'^WT^{jco)) i da. 

a it, * .oea * 4 '« ie® n (sn s mfe x. * / < t , 7) 4 

- /<T, 7 )) ( M*e*48il£fcJ»)o 

16.10.2 

mb whitMmi] mmut ini ,m$u£$ii 
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^ t = s s, 

ifftfiUj)* 'ffjt^JiiWslejik'^SnT.- 

S (x): = sap inf( I! P. z II | - 7 : il P - u 1 II f) 

m&w.ir,#mi6.3 is'f «t.4fi f jiti'&(FL -iw &:#-* u 
S + Cjt) - x'X„x 

a*®* S (x)*&±#jMrA»>Mj «(;),.■>.(?)( - o°<; 

<0)W23i5W)KS x s ™ MM, 

-a 

S_ (.r): = sup( li I’., z fi - y 1 II P_ Hi |) j) 

S- ,W5!i w tg5 )-JjJc M \'~ y> H, D,, -i' fli D~ u.', = H;+ l , 
x W®K"FZJ-w(H* B,D,*=0),B. D 2 ,tr= y - C 2 x c & £&■ 

x — Ar ■+ £J 2 w f L 00 (C 2 x - 31 ) 4- y„, C{ (',x 

Sj(- °°) =0 

D~-W = D~Bi Y~ z(t)) <:■]- r < 0 

^ e: ~ x - x , 

S_ (x) - - 7 2 p( 0) ' Y„‘ f (0) - 

7 2 II P- (y - C 2 j ) || l + || p_ (Qx) !| 1 + || /•> u !! 5 

Ttt&STO x « ;i Js.WHS.WfiA 

ft ( fi£Ul.Jtfc$nT31&#3£4ifcj£g| ! 

* = jr(0) 
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i-.=z^x%m.H< 

u ^ F™a: “ FmZv,3: 

thW 3fc ja 5ffl il * & *i ;£ fb], Htj ^ £- ^ ft 

16.11 m&M 


*««*tt;efJflMSW--^m.&.!»C-.lM-®^JjiiiitBjJiffe^ 
* fittffi « ^fr w*«fsa« ww »*iss o 

5ES 16.16 !! T,, II „.<,y, m NUX25 

(i)S£?!ji*tt&|S$ 


fa 


rx»i 

I x 

^ A ^2 



ReA f ( T v ) A 0 


JV oo £ .X 03 2 

r-i 






V i 


W 



ReA,(7V) <0 


V i 
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i " ; o 

|_7 ‘CX-I Y.Ljy*! J 

m\, ^ AiL Bt,—I'a # w e 

K„ PI ( S ), = C k (sE k - A k ) + B k 

Jtf 

E k := Y*,X^, - / 2 Y.;,X„, 

b k -.= y; 2 c; 2 * 

Ck : — — B 2 Xeo2 

Ax : — E%Tx - B k C 2 X ^ j = T y£ K ■+ Y^ 1 ^2 

a 16.4 f/ffi.S Xo„,W x„ = x., l2 x„|fn y„ = 

y« 2 y„!, ay±a&a4 1 ©&(+ cin) 3 ffr-f x> 0 ,y„?8, w 

P ( y„x„X/ 2 o 

»&*f5gS 16.4 JJt^,ai:te 


16.12 


lAyle .Glover^Khargonekar X’rands[ 1939] 
^ Zhou [1992] 09 XftX Glover fll Musta£a[ 1989] [ 1990 ] ^ 

Wittle[ 1981,1986,1990It 
fcylefn Glover[ 1988 J T i*t flSfll 4^6 «*„ 

Glover ^ Limebeer ^ Doyle . Kasenally ftl Safonov [ 1991]09A^4 , J£ 
Mo 

Zames[l98l]&|tA-^rtl^^ FjtiWo 
Doyle[1984]A^^^Jffl Youla #Jfcifc[ Youla ^ , 1976] W Nehari/ 
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Hankt’l f&W( &U\ Glowr, 1984 j ra#H^£'4* :»J Jjitkfr- «+ft L 
r^*2x2^f«JjafW» 0 Francis! 1987 ] FtfN^ *m 

Utemmo r^u 

$ki £&Sf ft'% %L : i^ , Ei & £$ tfc fl£ M a it| i- Lime beer 4Q Hang 
[ 1987] LL Jk. Limbeer Si Halikias[ 1988 ] ft;) TfS , it T IF] Jtjft ft[lM'F£ft£ 

g r 

2x2 Ball SI Cohen[1987 ' 

W.T.fHo '/tetfr 3 -F Riceati jonck- 

heere ftl Juang[ 1987 ]irE f!0 7 2x1 Jonckhcere Si Silver- 

man[ 1987 ] * T *S ft -T, ?£ *9 £ ft ] *J BU 0f ft £ f"I ft) ^ & o Foias 
Si Tannenbaum [ 1988 ] _4e JS T — Sf> ^ A ft H iFj 1$ f , Fj £4 
Toeplitz ^ TP . ft M ft 2 X 2 fa £i! ,. Hung[ 1989 , F,( ffl iS 4S fM it ft 
^ vKwakcrnaak[ 1986 ] Filfl If! ft ft , KirnuraL 1988 ] )j£ ft-ftlH ft 

W 7 b*fe 0 

^ it ^1^ ^ M ^ ^ ik^ ( G 24 t - ¥ 

— Glover Sl Doylef 19S8] fljFH Doyle[i984j^ 

VX )k Petersen [ 1987], Khargonekar, Petersen Si Zhou 
[1990 ] , Zhou Si Khar gone kar [ 1988 ] , Khargonok nr, Petersen Si 
Rotea[ 1988 J*J«*„ IM® M ft ft # & K T'-SIS 
Doyle, Glover, Khargonekar Si Francis .1989 

^ 3£ &^)ft ft, -til* 4^ M ft ftft . 






»i#j& 


* _h ?t * m ft: m m », -w &«< « -* .... w 

M(s]ffi„ WffiiattriBnstfflTaffiiw -fistfrif^ix^—a 

ft a £ »jc * st * w e, )&*t -- te w m * ^ m a i£ iw * & w i£» 

J?„MSfKi7tr 

&mmwiio{si$i-!pix-%~f®:mM*wm 

(BIJSo 17. L l^^gUi-JR dUffi® 

tom. i7.2 h -sr^rjjgia 

wiins. jkse— sstfeiftiBiapf'fflKiWiniaiiiiKAtajssfii® 
i7.3 fttfs. i7.4 vsm --* 2 w 
M.ffi 17.5 jfe 

Kras. i7.6 mt teftm youu m 

— ^iS.liiJ 17.7 trffl 2X2 Hankel-Toeplitz#?*?# 

^•^±— =».,.Mm&m, *is,i7.8 
=^.esM ra m, nu ri mx#.„ 


i7.i 
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tomitm ft. a sub® g fuKj^iF.swi-^mw.K 

0<j c M&—& a & mm & m . & yi *£ eh w 

ft# w Wf ^ ^ ^ iM a# w 


ra® 


&&&&&&& g 


O (s) = 


z(t)e *g, ^ v ( 
r(/)e-:" ft in T IRS: 

(Ai) (A , tf 2 ) * , (C 2 , A )ft njffe»M ; 


r A 

B, 

B 2 


f 

D u 


- f A .:?l 
Lc- : dJ 

G t 

D l2 

-<"2 

o 2t 

0 J 


e .v 


)GJ 

t-1, «0)6 




(A2) « 12 »[”],U 21 H0 7], 

. r A — loi/ JG i 

(A3)^ttif 1B ,i A 

L t I Di 2 J 

y , rA - jojl B 1 i 

(A4) iMrffifk, 

L C 2 d 31 j 

IS & (A1) * M £ fi »•» # ft 09 ® & f|- „ ® & (A2) :t # 

i = c 1 x + d,,« m 3 -wxmH u aa# Sr#!®#; 

#fc©MJ§I,#jtL Siroorvoge![1992J 0 Xt^f D t2 A?D?iittjni D lt % 
fiSs ALffi-a (A2 )WM,T- Hi fti - Si Mitipm, 

® a ( A3)»(A4 ) ^ H J5 _h «J ® fcl ® W : 4 ® (A1) T , 

flSft iff it. tt A 09 ^2 W JS 4* 09 fig f- Hamilton S? K B) fti T 
dom ( Ric )&%+ B ? 4» Q # £!| 7 i*— M.O —1-®'?! x&imxa 
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^,'Efl]£i£fr3SWo 17.3 + 

FtfnM Xdfl Y ro ftj Riccati A'*?: tfj U VI ® ^ “Ira 


.4jiEA"£P£ 

0 


R: 


D .D x . - j 


l 0 


0_ 


,F>1- 


[D u D n ] 


R: = D,D* 


[ y 2 Ip o] 

[F„l 

1 !,d. i: 

- L 

0 0j 

Ld 2! J 


H m : 


A 

M 

4 * 1k-d;. Ci 

B * 

- cr c, 

- A* J 

L- c; d„ i 


A * 

0 

0Q 

b 

i_ 

1 

c] 

.-*i *r 

- A_ 

L- B x D.’tJ 

Xco: = 

RiciH* 

0 ) Y»: = 



rKioel 

F-. = I : = - R 1 [ DT-Ci + B*X„] 
L Fj™ J 

L: = :l,„ l 2 ,4* =- [BiO.'i + y«<r]& 1 




1 F,%, 

F'jsoo 

F 2 4 

iZ'l 

B 1 1 QO 


17 [ 11Z 

0 

: D J 

Z-r 1 2 no 

Dil21 

171122 

I 


-L 2 ™ , 

0 

J 

0 


a 17.1 D 12 

38 F»2ifi : S : *i'l^o l&itifec l:.ii 


^*17.1 S G jRfi«a(Al)S(A4)„ 

(a) x (*).#««£ II f,(g,k) II „<r 

(w ii t™ iu<7),saaa 
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(i) y > max(<r |_D i1! l .£>n 12] rvlr) 1'] [ 1 , D 1*21]) i 

(ii) fUedomiRk), tW X. = ^(HJ>0; 

( iii) J „ £ ( .Rif ) , J1 ^ Z <=0 = R£ (i.J -: ;:V 9 ; 

(tv) piX„Y„)< 7 2 o 

(h) I! F/(fi,K) II „<y 

K = F,{Mvo j Q ) V Q e l| Q II - < 7 

A . By B 2 i 

jW r>r. - - j Cl ; L) 1 1 D J 2 

j: 2 \ 6 21 0 1 

Dn =_ Dn2i Dmi (/“ / - Dtm^mi) 1 1112: D[| 2 2 

o l2 e # o 21 e 

Cholesky S ^) : 

D n Dn - I D 1121 (7 2 f D,\ n D L , M ’* 

DiiDn = / Dr il2 (/ 2 r - D mi DT,,,) l D m2 

m 

B 2 Z<x,{B 2 f £ 120c)D12 
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|| I 2 

!q - W| + P- (Nntui + iV I2 W2)|i I 
ll ll 2 ■' 


pin t&m 


sup 

i it sx 2 fn 


rp + oun,, 

JV121 r^'ii 

i 0 /Ji-N 21 

./V 22 Jl^J 


fMaa^ia i 5 . 7 ^^fflH»ST„ siais .7 

x m y &wm. - 

Q€rf4„,f# || T„,(Q) II „< /„ **_h, nHjH59§ia 15.7 4 s 

MikT n Mx 

Mm-^MWR m, m q m m, 

&»,m q (tim&ik 2n mu ws'&?sm&Mm±*) 3n a fs.s,- 
* 3 i:ftM^ssM*tfflnr#sst-isffi^ifijftH^a 16.4 m 16.5 
4 »M n SiSai#,, itiTj£iHJi:DoyL e [l 984 ]WFrancia[ 1987 ] 4 *S 

ffl?ia 15.7 a« 5 iit;*-a 4 «^±* 

* is r s », ?t-s. # s ± in r ^ +m =r ^ s pi ^ * m * —t- 

Ifl* Glover,Lime- 

beer , Doyle, Kasenally ^0 Safonov [! 991 ] 4 '. 76 = fi 5 {lt'jf?KMfriSi)J 


17.8 & & ft 


»+sw*+^#i j Lis*ijff ,m d u = 0 

kil-t«iDtSStt. ®.a Du^O at, 

l-fS^f MX M I®! @, tt# W S'JW ifo a ^ ti M!J ^ H if 5S 1® 
JS® „SS |HJ ®&JtL,^f a 1.gafi*«„ 


j: ‘ Al + Bi re + ij 2 m 


(17.7) 
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^ - C ix + Du w + D]2« 


(17.8) 


5$* z(t)e'M^,y(t)e'Rt>^v J (t)€Ji m i,u(t)€R^,x(t)€ 

'R m omurm&i 

(ASl) (A,B 2 )J3*imfe#li 

(AS2) D^ffi»[D 12 DjfcW&Pf; 

r A - jcul B 2 1 

(AS3) ^ ^ 

L C t D 12 j 


y>o. 




sup min Jj z JJ 2 < 7 
«reSr,ro,~) *,€ 


z \\ 2 < 7 


min sup 

.e^lii,^) tfee^ 3 to r «) 

*®*S£„ h*&*s— r-fsijs4>s®ns-f-« if w mm 

§£«&■* waft.frUASFra^-^ftAteiwrajK. m&m=. 

&, H i££ *£fM. 

^*17.6 ?'>0,fi^ji 

„ . > 2 /„ 0] 

i?: = Dj.D-,. ' , £),.: = [£>„ D 12 ] 

L o oJ 

r A 0 -I r B 1 

H ~ : = Uc,* Cl -a-J'L Ci - D| .F 1[d ' x ‘ b * ] 

B 2 h 

(a) sup min II * H 2 < y,3-&{X3 

wGBi! 2 To p «0.i€ J 3 10,“O) 

&(D]_ Du) < Y,H„ 6 dom(Ric), X„ = Ric(H„) > 0 
sug^min^ || * || 2 < y % 

u ~ - D12 D u ?l? + [D{ 2 D u ]]Fx 
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F: = 


F i» 

_F 2<*>~ 


R- l [D?.Ci + B* Xcc] 


(b) min sup || z || 2 < 7* 

6 (D n ) < y , H » £ <io;« (i?ic) ,, Xm = JRzcK ^ 0 


min sup 

u€ £ 2 [ 0 .™>wie Bi' 2 [ 0 .»> 


z \\ 2 < y U % u = F 2 « :c o 


ffCDnXr 


®J&R«^IP=f¥CW#Jd0*[*D 11 ^ o @3; 


sup min j| z |j 2 ^ min sup II z || z 
» 5 Bf 2 to.=o U ej’ 2 [u.«> ^b^[u,®) 

HvtdomUiicm X* = fitc<H»)5sO 

n 

r,HS(a)t 

mw^Mwmsxm. tun# d„ =o,ra«(a)*ir«7«(b)js#ifro 

D n =0.^e»iffiBJiBfBf# D n ^0 D„=0» 

wmau mm 



A 

i 1 

B 2 

G = 

c, 

0 

Dl2 


. I 

! o 

0 . 


a Di l =o.ffi&.fc&&m ^„oraM^s»ajjamrpis«i—^ i-wm 

it®o 

$* !’•’ iftffil&CASl) - (AS3)flK*,fi 
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Jitt£7/^b3iit£duxn/vib^ 


M-: 

B t = °1 V - , UU' - I„,V V * I m ,0 < l rxr 

L0 0J 

ii (i 7 

H^edmn{Ric)K X*> = Ric{H«,)> 0 y 

J) T™ II *,<7 


Q 


2 1 
0 


0 

/ w 


(7 '(si - A) 


f. - - (D; 2 c t + B{x„) 9 A = a + 7~*Bib; x*> + b 2 f», 

mq = [q, o 2 ]e^ 2> II g, IU<r, Qi q 2 

x r 771 2 ^ ( 771 ] — 7 " ) - 

ffiffl: .hUffl* 

■=*„«»&«=,#&tfl r#r*r 

BT@gW«^S0! 


ap#,ftssft&p.msij c SF M®:fUi F ,: 




'A lB * :£, 

B : 

G 5f . - 

- F ro ; 0 

I 


_ / = 0 

0 
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it .2 mm me m 

II T za , II .„< 7,^-tifiS K *1 G SP *$v'Fe*J»S. 
II T vr || „ < Y. L = B 1 F a ,, M A lmp + L = A, mp + B 2 F„ A© 


S#S. 0r£f#Sg G SF 6SHS#J«Br#»«:3EjK= F,(M. (1 »),«€ 

3iM 

r^iPTi/i + ^2^^ + -L — L B? 

0 / 

L - / i I 0 


®c = F, C Gsf > F{ C M, w/ , , 3>) ) - : F/ ( N tmp , ®) o SiiE 



+ B 2 Fco 

j By 

O' 


- f’,. 

0 

/ 


/ 

i 0 

0. 




(•'/(.V,„,.<!>) = '/ iiK - ' 

i=[Q. Q 2 ]f 2 ’ °|lt l U-a) 

^ 0 / i 


WJiA Q = [Q, Q 2 ] 6^=v 2 MI 

HtftW 

= L«, 0]V* 

■fl II F, ( N tmp , S>) IU = || Qj II „ , a X .* «* # ll T, r il » = 

II Fj(N,„p ,3>) II .Cj'.S.fi'KiS II Q, || „< y a *£*?<$= F„ 

tt.nl ft: 


A 

: Bi 

«2 1 

c, 

J^li 

d 12 

_ J 

i 0 

0 J 


G,(i) - 
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N = 


- D n (/ - D ll D,*,) , ' 2 '| 

-D^D,,)" 2 DA J 

ffl N' N = I s Jfliea 16. 2 £p. K G„ R II F,( G s , 
K) II F,(G„,K)f*l§j;£ NR 

l| Fi(N, F^Gg ,K)) || „ < 1 

F t (N ,F,(G g ,K)) = Ft(M,K ) 

K4> 


M(s) = 


A + ! Ci 

Ri w c, 

i 


J 


:B,U - DAD L1 ■ B 2 + B^r.Kf'D.j 
0 fi, ll2 D 12 

0 0 
aaRj^i-DuD,',, J3a»®*,#inT?iao 
§iai7.8 k ii f,(c*,jo i „<i, 

m II Du II < 1 .§.## K M II F, (M ,K) IU < 1 c 

afiBTiafflsa n.7Tstm^mm. M{ s )vmn d.^o w 


17.9 £#fn## 

Glover StDoyle[l988,1989] 't’^tUT-M'lf * 

JSiiEo Safonov, Limebeer Si Chiang[l989] 4 , SfNil T 
® ° tiilL Zhou Si Khargonekar[1988] 4*1$^ : Ftft2£sJ5.'@ |3J 

®o Stoorvogel[ 1992]^!# SIT## fSI® Wffl 

Nagpal St Khargonekar[1991 WWilife f ^ittStSJTflflSJSS,, 

* Doyle[l984]Sl Frands[l987]SS## 

T Yoda#^lt^rS 0 

Zhou[ 1992],"til^iH Liu,MitaSi Kawtani[l990] o 
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#+a* 


» r «ai in «r** « &, %-m « ie m it sat m s a # 

**«msoT:S 

18.1 nr* .Jtffl .#«iiife^:*iEaftsMBs;ai^*aw«siBi 
«.is. 2 nr&& 0 , BSJtaifciiffi a * is. 3 nr t 


i8.i i®0itwft«5i()i 


Pa = (M + A m )-’(N + A„) 
^■pM,iv,A M ,A N €^„B. || [A* A m ]||„<c 3 

J$<M,N)£ P P = Af-*N)a K rtSi® 

BlL^4>BliE9l Hj_aiZ3 


[*]u + pk ) 



^■': 1/e 


<#„«*•*«;irjjh.k 
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Ea is.i 

\ A .: B ] 

b.« l e-si&.&te® lc i^o 


p = 


P = M 1 N 


[A + LC 

: B + LD 

L 1 

L ZC 

ZD 

zl 


[ N M] = 

a® io# P = Af-’iv £—jEfc-ft* 

H^^>I¥,*^Z=(2 + D*D)-2 d 4- 
K = - K 

PSJ^SffiffiHBTBj&SDffl 18.2 Brjsi&l LFT®5e,ffiJ3tMrX.$S 


C(s) = 


L 0 1 

Ljvt 1 J 


L M 
M 


i; 

P 


" A 

; - LZ~ L 

B 

f'°- 

mT°T 

I 1 ] 

Icj 

1 j Lz _i J 

LdJ 

- c 

! Z 1 

D J 

"A : 

B i 

b 2 ~ 


C| 1 

Dn 

D i2 


-C 2 ^ 

D 21 

d 22 _ 



tta 0 ft#® 
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U = 


ii u £-■ 


D* (I + DD *}“2 
.-(7 4- DD * ) I 


X 


(7 + D* D)1 
DU + DUJ)'2 j 


= (/ + D # D) 2 KZ 


ay ii t 3U1 iu- ii u* ii 

II T; w H «</ 
G - 


r y * 

°V [ 

1- 0 

z-l L 


?2 - 

.= ii t^w 

0 1 
.0 u 4 D*D) \ I 


- (/ 4 DD *) 2 C 


- LZ 


B 




- (/ 4 DD * ) IZ 


L(J 4 D* D)"2D* cJ;L(/ t D* D)“2D* Z _1 J 

ZC i ZD(/4D*D)~2. 

GM##^«ywK t s* k=-u + 
d*d)-^kz mm k 0 t 

u=o(^ Akm^Y>im 
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x 4 A -y¥h ) + ( A 'F £ l)* X “- 

x„(bb- -ft-j: 


)x„ + 


yjcr c 

r 2 - i 


Y„(A - LC )' + (A + LC) Y co - Y„C*CY„ = 0 

a^,y„o=os«5gifo £m,s£+-b*tt&5t# 

[£,«, L 2 „] = [o L] 

* 


Z_ = /,Dt 


0, D 12 — I, d 2 


■/r^I 


7 


«s®*«feeffiSPTsa4>o 

stals.i aD=o,if l ffi^#A + L.c 

£«* K ffi# 


[?] 


(/ + FK)- l iW“ 


< y 






r 2 c* c 


^(bB*-^ t )x„ + ^ 5 ^ = 0 


K = 


- 


SB * A'„ + LC l L 
- B' X^ i 0_ 

L Mj*#, 

Bps,smsWM*«&# 0 ®ia y>o * 

ay + ya * - yc* cy + bb* = o 

««Sg»,.&4- L= - YC% 8|5^,£2*H5t^if(M,]v)ST 


[N M] = 


\A - YC * C 

B 

- YC* 1 

l c 

0 

./ J 




















Jit^T/vibiiitediLci^^bb; 


S 18.2 i& D =0 L = - YC* .Jtt 1 Y>0 *TjS;(ftat^iP = 
AY + YA * - YC * CY + BB * =0 
jay p = M- 1 jv*iEaL'fh&s®S^^*--S- 

jsfc|[f] CI+PK) "' M " , L = 7r^^™ = 

(1- II [N Mj II 2 „) 1,2 = :7, 

igltfi Q Lyapunov : 

Q (A - YC * C) + (A - VC * C) * Q + C * C = 0 
|| ju + FX) _1 M _1 | < 7 


fA - BB tt X 0 o - YC*C 
' B # X™ 


x(j) - 


- yc*] 

0 J 






iEW : Sflffi ^ x„ fft Hamilton $EP$3J 
r 


H„ = 


A + — YCT c - BB ' + .- yc* cy n 


7 2 - 1 


-C* C 




= 


I - 


/ 2 - 1 


r 2 - 1 j 


H* 


(A 

J 

0 


7 2 - 1 


7 2 - 1 


- YC * C) ' 
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H c 


-[' 


r a yc*c 

- C* C - (A - 

<Ff a ) -= Imf J j 
- l g J 


0 . .1 
ycr O* J 


X (H«) 


[/ - /'yl 


i - 7—. y«l 

) y2 _ 1 

-X ( Hy ) — I in 

r~ - i 

o -/ : - / 

L r z - i J 


/ ,Q 

L r - i J 




/ - 


7 " - 1 


J& 


7 > 


YQ > 0 


1 


y l - A msX (YQ) 

x ” = y'-^( / " A yq )' 

Y * Q #WJ*[N Gramian * P¥ ffl n/MJ 

teGramian jgf£,Hjlt,[iV M]d 5 Hankel ifift %! -,/ A nla ,( V'Q j c 

□ 

»i8.3 ^p = m 'ft K-iEM'fbtEif.mm&iyM .n.'? 

P a = (M I- SmJ-'CAT + a*) 

II [A,v A M ] || „ < e 

«< yr^yCTW) = Vi - ii rs mj ii l 
iEM-f-bsa®; H ttgi-Bj ® jnT ^1 a 4= W ^ W 
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3IS 18.4 4- P = M~'N 

! [^]u l- PK) ’r 1 ! = ! [|^](/+ PKl-'Ll P]|j 

ilRB: f83j(M,iV)£ P WiEafl:S3L®aS^»,tt4' 

M N][M V : 1 




II [M ,V] IU - II [M .V]- II - 1 

l[^]a + PA) «M-*| -= 

[*](/ + PK)- l M '{M N][M N]- j > 


\[ [ \(l + PKY'M-'lM iV] jj || [M iV]~ 


(J + PK)-‘[j pi | 


j rj< 1 

[ ; J ( / +■ PKy'M- 1 
J[^](/ + PK) l M~*\ 


ll ;m 


N] |[ = 


I [K] _ ! l.-jfl 

|L J (/ + ^ ' M_1 j oo = |[ f ](^ pk)-*[/ 

□ 

^18.5 
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^~mm\^mzM: 



(/ + PK) _1 [ / 


p] 


< r 


fli 


inf 

hmg.p 


y Vi + PKr'u pj'j 

LK J ,: 


1 = 

/T^T^Jyq) 

(1 - || [JV Ml lit,)- 1 '' 2 

x>o ^JnT*eWiHs£jB : 

XA + A * X - XBB' X +■ C * C = 0 

MIMM 


©lit 


q = c / + xn- j x 


^ mm 


vT 


*( VQ) 


= (1- II [JV M]|I 2 h )- 


yi + j m ar) 


51318.6 T& M MM = M, JtJ-ffS i,®#0< 

<j ; (M)=? t l,ii!!|# ff,.(M)=ff,.(/-Af)„ 

iiEW; M 0 1..R M A BJ X* Aft S9 „ # 

£-t.iS& A AM X »*J-fiW#SE|fiJ*,JPIJ Ax = 

Mx = MMr. = M( Mr ) = AMr = A 2 x,S|JA(1-A)x = 0 ;1 3## 
#A=O^A = U M ^WXtAftW.fSK: M = TJT" 1 ,# 

^ ] A—ffe Aft M = MM SLjgoJ&l,/ ;&AXtA 
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M rT MM4k 

M = T 


N: = / “ M = T 


r v 

Lo oJ 

f° °]t ‘ 

Lo /J 




B* D 

0< A^lo M a>o,& 

det( JVf * M - A/) = 0 


T* T 


« det 

det 


[ A % 

i-B* DJ 

i>o,a 

* M - kl) : 

k :wt; si—)- 


(1 ™ A ) A - AB I 
AB* - ADJ 


<=* det - AD - 


det 

det 


i - A 


(- 

( 

[: 


1 - A 


■B * A 


D + B* A 'B ] = 0 
- 0 


'B J= 0 
) = 

]- 


A 

AA - AB 
AB * (1 - A }DJ 

^ det( N * N - AI) = 0 

M* m n* -v l 

□ 

m is.7 s k mp 

\i 


ii 


U + PK) '[I P3E 


lil 


u + Kpy'u k] 


IjERS: SgA 
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M = [jj(/ + PK) '[J P] 

v > K, ) '* K /_l 

WSffi MM = M ffl N = I - Mo & 31 a L8. 6, W W II M || = 

II n II 0 SSnT^S;»Jft;S«S;o 

[p] U + KP)1 [ J K ] = [_°; IK] 0 '] 

□ 

»,m 


[“] 


(I + PK)-'M~ 


= II M~ (1 + KP) '[/ K] 


liEBS: 18.7»SPT#S:EP«iiE : 


M"‘(I + KP) '[1 K] 


[p](7 + KP)-’L/ K]| 


SPBIo 

18.2 

it n a- w a se # te & (si at, a si 0 j& m. m * * # w css ^ w tt he ^ 
#isis i 8.3 in 5.5 "P 

•fgFf *, * li^Sf MSiMttite, 

HU + PK) , ).ff((/+ PK) ’P) 


fa □ 
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<t((I + KP) l ),a(K(I 4- PK) ’) (18. T) 

a(PK(I + PK)-'),a(KP(I + KP )“') (IS.2) 

it n m % # a ms m » * & h f«j * n m a w pi n> < « & m *s> m &« 

ct (PK) S> l,o (KP) » l,a (K) »1 

S(PK) « 1 ,ff(KP) <£ l,cr(K) c M 
g* M *£*:*:,, 



© 18.3 


Tia»iD®tt^#o 

0KfiEfKiatttt* 

(1) ttrst#«s» w, fp/s£—jas#-©# 
w 2 , ## m $ te x* #. m # (i a, ® * u m m w j* * #, # ja a 

18.4o $SfJc*®*f3fe p fnjJtJgjiftw',, W'j 

mm p,,r* p,= w 2 pw le g® w, m w 2 ffip, 3E^»^a^ 

ffiSo 

(2) ##«£ : 

«)WJF 


(^ ! ![Kl a + P ' K) " M; 


Vl - II [N, M,] II h < 1 
M S ,N, i*jp, p s = m, -‘n„ _a 
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m 18.4 ® 3 &j 8 t &MTY&m 
mJm s ~ + Kyvr = / 

in# E„„«i,iw)aiBt(i)#i.«*E w l m w 2 „ 
b) 

■ rl I _ I 

I Ljc„J (/ + p * iC ” ) " ,M; i <e ‘ 

o) *-£ K„mi&&8& w, * 

SttfifflS K 

K = 

tf--RMi6fWIS K„,1f j£(*f^j«®j§aietf e 

w 2 pWifife 
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PWiK„W 2 o B 

it,®?TJF#iiai0:4 3 -a-^ K„-gim{$& p, 

m . 5 ^«a#^ t m jp mm »# m a. n m » * 

ffissu)^ ,/j^j 

^«ai+i&®KSf#X*ft,(fija«fSi5:STt-#A#^T0iE&^ 


V 


a 18.2 ^»f«]@,E|l 
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«„ mia.m is .5 



U + PK) '[W 2 




® 18.5 


18.3 

•4^'M@ffi;6*n {fi#$i e f£Jtri&i+lBtS(HjSliiio THi^fuHRfl 

M«Tftgtto ® 6 (0, «»,)). Rf J5 il fct; # 

e(pw l K«,w 2 )w e (pj = ptWipwomwftigmiMffitiiiitm 

m&M-ttM&m* ft* 

ff (PK ) = g (PW l K,„W 2 ) = q ( W 2 'ffjPff.K.IV;)^ 

? <W 2 PtV,) s (K m )U(W 2 ) (18.3) 

- (KP) =<T (W,K„ HP,P) = o (W,K„ W 2 PW, W/) > 

g(W 2 PW l )a(K as )l K (W 1 ) (18.4) 

% T f# fflt *0 & 0 £& )g 4ft * * flit Wv, W # ‘Iff (SL 4* £p 3f ^ if & 

?(k, )-, ft*5ft#=# *(w,)fp «:(w 2 )£fi3ia;if%m&m !> 
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Jtffc.P, K.##«g p, K1EM 

SMSSCdD-S £ .iSMT 


L'J 


(i + pk „) 'm; 1 


(18.5) 


ext3fe«a/j'-Sf#iii<»(p,)»®»ae^s. Rjtts^(is.3) 

sS(18.4)® , 

SH18.9 *j5T». 

? (p,0<u)) > y 7 2 -- l 

jfiitKi ^sasuis.sjiwfiiiesim k« tests 


? (K m (/w)) 2 s= 


g (P,(jai)) - -7 r 2 - 1 
y y 2 - 1 ff (P, (j<o)) 1 1 
>, 


#fl,SP*ff(P t )»v / 7 2 - ) ,M<KK J „0))> 
*SSe(P>'” 

SEW: g(F.)>/y r;r l*i!t# 

/ + P<P’ > y 2 i 

*B,H (n s ,m„)Mp, M-MmikSiLffilMattMitk# 
mm' = i - Sjv; = / - m.p,p/m; 

m 

mist 


m'm, = a + p,p; r 1 < 7 2 r 




(i + P^c„) 'm; 1 


< 7 


a + k« 


y 2 (i + Kip; XM.'Mja + P,K„) 

as.6) 


* » 
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K„^n/®e!) 0 fSiS#£ a-.ffif# Kv,x = O.JffiJ J* X 
(18.6) x x 

7~ 2 x' x < x' M'M^c 

ffi m:M,<7~ 2 IM X=0° BitK^nT^, KBr^siK 18.6)^ 
3*J 

(x«* kJ + n < yHkz' + p; )m;m,(k;J + p,) 

(18.7) 

JtiC W\f®jE. 

< ww r 1 = i - y 2 m;m s = i - y 2 a + p,p; )-* 

#5*(18.7)+3G|- K^K^r.nr^ 

(K-* + N' )(WWTHkJ + NX (y ! - 1)P"P 
K4> 

N = y 2 P, ((1 - y 2 )! + P,*P,) 1 

r'r =(/ + p;p,h(i - y 2 )i + p;p.) 1 

Bit# 

P‘*{K„ * + N'KfT) '(KX 1 + N)P“' < (y 2 — 1)/ 

* 


ff( W-^KJ + NX 1 ) < /X 1 

ftlffl a( W '(KZ 1 + N)R _1 )>o( + N) g ( i? ~ 1 ) , 


ff(Kj + N)</y 2 - lo(H 2 )5(P) 

N» 5 (K„) -o(N),nTW 


g (W > i(y 2 - l)‘' z g(W)g(P) + g(N) |-> (18.8) 
WW‘ ,N* N fCP * R MWffi^RlitlTTf'® 


X(WW’) 


= i + a(p^>; ) 

“ l- r 2 +A(p 1 p;) 
y‘A(pp;) _ 

(i - r 2 + x(pj>; )) 2 


A(N*N) = 
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A(fl* R) 


1 + A (FA* ) 

1 - y 1 + \{PP', ) 


Hit 


1 + g 2 (P,) 

1 - Y 2 + g ! (P,) 


7 2 g (P.) 
l - r 2 + g 2 (P t ) 


g(P> =v'A m „(R*P) = 
1 + g 2 (p,) 


/ 1 + A, 

, ln (p s p; ) y /2 

l 

Vi 

+ 

A m „<p.p;W 

'i 1/2 

J 


7 2 V A ralr 

,(.p<p; ) 

1 - 7 2 + A 

m ,n(PsP‘ ) 

/ 1 + A ni 

jpfn \ U2 


l - y 1 + A^CP^,*), 
1/2 


[l - r 2 + pHp,) 

#SSS;^«;A^^a;(i8-8) ,BW 

f(7 3 - 1} !,,2 (1 + g 2 (P s }} + 7 2 a 


(K») A 


g 2 <P s ) - (7 2 - 1) 

(PJ - -/V 2 — 1 


gCPJ j' 1 


y 7 2 -1 ? (p,) +1 


sa i8.9 

r(=e 

e)= #£LiflS /(= e-')?E4HsP, 

P^-tli^#*#:*:® ® BMBit. 

■te&jorsttto tfcSJ g(PWiK m W 2 )jf® g(P,)=<7( W 2 PW, >, BJ- 


s n 
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5<Hy Tit(18. 3)*l3t 

(18.4), # 

d(PK) = a(PW 1 K.<,W 2 )*Zd(W 2 PW l )s(K„'j,c(W 2 ) 

scw^^ w 2 p)m w 2 pw,), 

<?(KP) = j(H r ,K.lf ! i , Kj(»' ! i’ff l )i(K„)*(H' 1 ) 
±S®ttW 9(k„)» ffl^i 18.9 tt>ffl|sl«^rffi.aa:aE93 a (K„) 

18.10 

#(p,(») < l . _ 

V 7 2 — 1 

&M.W <«.i«iaii:(i8.5)W{f®e*ij^ 


S(K„(>)) 


^ 7 7 2 - 1 + g(P. (j(o)) 
^ 1 - 1#(P,(») 


5(P,)«l/y r 2 - l.jflij »(KJj U )!</y ! -l,M$ 

CEBB: £8(18. lO)ffji£«S|l|(K 2: fyEa(l8.9)WiiEflJJ,jtfc{)(#« 
5$* Jn|si*j£ads. io)iSiiFBj <p,n m;m, = a + p,p;) -'*tt 
U + k^k„) k r 2 (i + kip; )(m;m,)( r t p,k«.) 

(18.9) 

H* d(P,)<— 4=,4fe# 
vV-l 

i - y 2 p; (; + p^p;) l p j > o 

v* v - / - 7 2 p; (i + p/*/ ) i Pj 
£^#^(i8.9)<P*t K„lE;fr t on# 

(K^ + M* ) V* V(K„ + M)< (7 2 - l)y + y 
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an 

m = y 2 p;u+ a - r 2 )p s p:r' 
y* y = (y 2 - D( i + pj>; )(i + u - 7 1 )pp: ) 1 

mtk# 

&(V( Kca + M)Y-') < -/y rz 'l 




d(K^) < 


vr-i 


+ a(M) 


<t (v) ? (r ) 

jraH£3g<i8.9)WW3J|,&iIE 

n - (r 2 - i)* 2 (f \)\ 1/2 


(18.10) 


(V) - a ( Y 1 ) = 


l+<t 2 (PJ I 


ff(M) ' ] - ( 7 2 - D* 2 (P.) 
io) 

/r , , ^(r ~i) 1,2 (i ■*• a 2 (P s )) + 7 2 <t(.p,) 

«(k„) <-r-“(7 2 “^ 2 w- 


/7 - 1 + <?CF,) 


£S<18.9)*tigS(i8.io)A9giJ|IS9! 7 ( 3 % 

m & m ra « « wtfe„ 

SS 18.11 ^P*»SSfi#£,il4 > K=W 1 K,„W 2 3nfe_t}J 

<¥ f& its» 0 #M8. w« m & » snju * 

([^ ](/+ P.K-r'M;'.' ^7 

M 

i(K( l + PK)- , Xjg(M l )a(W l )d(W 2 } (18.11) 

a(U+ PK)" 1 )<min| ?o(M s ) k(W 2 ) ,1 ~ ja( N„)k ( W 2 } | 

(18.12) 
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a (K(J + PK) 'PXmiiil Ya(N,)ic( W]),l + Yi (M,)k( WJ ) 

(18.13) 

ct(( / + KP) - ' )<min| 1 + J^CNJkC Wj) , Yi(M,) k( W t ) 1 

(18.15) 

a(G(I + KP)~ l KXm injl + r<HM,)«( W 2 ) , 7#(./V s )k( w 2 ) I 

(18.16) 

it* 

ff 2 (W 2 PW,) ' l/2 


?(N,) = a(N.) 


I P( W : 
\l + s 2 0 


(18.17) 


[W 2 PW { )I 

~ I 1 l 1 ' 2 

a( Ms ) = *(m.) = (rr^owj) (18L8) 

(JV,,M,)«(N I ,M S )^M*P,= W 2 PW t 


illfl: a*S!i 

m;m s - 


« 


MJYI,' 


(/ + pp; ) _1 

= 7 - Njv; 


5 2 (M,) 




1 


1 ~ A mm 

a l (.N.) = 1 - ^(M,) = 


(pp;) i + ? 2 (PJ 

<? 2 (P,) 

1 + j 2 (p s ) 


iESe^sma^iHi*n 
T3URM#: 
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f J ](* + P J K,„)- , M7 , | = 

il ^ 00 ^ I Qd 

IIT w 2 1 !: 

Sk‘Kj <i+PK) ' 1[W2 Wi] !L = 

j[^](7 + KP) i[W, FW 2 <l\" 

□ 

vcfemmi ,st urn jf s ait*# m »in, as* if- 

7,w r 1 ,W' 2 * p„ 

18.4 

=V_0BJ®®*A McFarlane Id 

Glover[ 1990,1992Wo ttt T - <» it tf-#1 ^„ 4* 

ift Hyde* Glover[1993]4 1 ,jtkSrft®JSffl^ VSTOL TitltM«J£ 

SHU (scheduled controllers )Stf"o 

3fe, # JS1XSR El-Sakkary [ 1985 ], Georgiou * Smith [ 1990 "j, Glover 

* McFarlane[1989], McFarlane, Glover * Vidyasagar[ 1990] ,Qiu 

* Davison [ 1992a, 1992b ], Vinnlcombe [ 1993 ], Vidyasagarf 1984, 

1985] ,Zhu[ 1989] .bimjt + flr 41 fflXKo 
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& # * m m i>, @t »i % -6 a c b jft, % ifc m st, h g ® & tt I® s ^ 
&it# W 7£Jffl 1%, rn & 3 W ft AS vt e a »« « « » w s 

*Sflb\&«}&—'T 
^$W&W Lagrange $¥Jill'S]MW " W ’}§ it W tfffl'jj 

i£o 

sasittt^wfRBi-ffiass. &#*■&#* wft&raajBg^iaii- 
MflSKr £M »; £ It *f Ml , W * tf. ® i|nt S 

tr^iatf—, Kttii&e$ii $, w tis $3^ 

^o a^£raa-t*;*Kfflgii^fifr 0 

'K *#«i S M&JtfgJlW&W&toftfltJrjtis ,ii-strifefg-KK 
ffl ft if- w £ ffttte „ 

19.1 

i9.i®fsiWKJf «BiriM g e£t^ 
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&Eil: 


G = 


fGu 

L^ 2l 


G 121 
G 22 ^ 


r a . u, b 2 ~ 

J Cl] Du ^12 
D 2 \ G) 2 i_ 


5C 4* G22 ^ 


I A 

\-Ci 


&22 J 


£ p .: q flfjtS£P* n K £(*«**£& 




z 


TV 


GG) 



y * 


KG) —J 

^19-1 m^gMh-tkm 


^ ife, ufc km i x n& * 

wawftjs. a^.ip^ii k-k 11 

H$um <? 

{K-k)U<u)~- 

19 . 1.1 iottf^Bfr 


313*19.1 & X 
K*HK 

A: = X - K, W a i = (I - G 22 K)- l G 22 
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II W„A|| „ < 1 

(19.1) 

II A W. || „ < 1 

(19.2) 


ttWl: 

I - G 22 K = I - g 22 k - g 22 a = 

U - G 22 K)U -{l- G 22 X)- 1 G 22 A) 

l w„a ii b-#®,* 

/ — KG 22 — J — XG 22 — AG 22 = 

U - A(1 - G 22 X)" 1 G 22 )(i - XG 22 ) 

^ II iff, II „<lJJM#MIg6S. 

□ 

suae® x 


r A ‘.. 

L B * 1 

L c* 

|dJ 


» 


sfr° J 'i G „\ 


"A* ; 0 £f 
0 0 l p 

_C k I q D k _> 

\ A \ B 2 

Ui, xJ’ G “/ 

’-r. d !2 

A + H 2 D t R 1 C 2 

B 2 R-'Q 

i B 2 R-' 

BtR 'C 2 

■A$ + B^D 2 2^ * 

\ Bi-DjjR -1 

R“'C 2 

R 

• ' D 22 c t 

| D 22 ff 1 _ 


R: = I-D 22 D t ft!R-. = I-D t D 22a &lit,W a MEf)#;—KK# 
T G ftx 

stf ±&fia,&iH» x irate 

II W„(X-X) II II (X -x)^ II „/JsB. X fflXWffl|S| 
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wra&^afttjs .asm k * 

X = K,+ K- 

it'PKl K+ £«£«,# K + $tn&®vm K + 

£13/ K = K + +K . o 

THaa-^®^«wi?«>0j±^ag» 


« 19.1 

~- 1 0 4 


0 0“ 


r 

A = 

0 2 0 

- 0 0-3- 

.Bi = cr = 

1 0 

-0 0 ^ 

, b 2 - c 2 - 

l 

-L 


Da = 0 ,D ,2 = 0 2 *, = [°],D 22 = 0 

-'t-S'hft H t„ ii 2 «e«#» 


„ = _ 148.79(.s + l)(s + 3) 

(j + 31.74)(j + 3785)(.s - 9.19) 

II T - II 2 = 55.09o 

Sf#fU*@L£fP#K = K* + K- ,Jt* 

K 114-15( j + 3.61) -34,64 

+ O + 31.74)0 + 3-85) ,A -“ s-9.19 


ft 


II W,(X + - K + ) II *, 


£ 117,085 

+ j + 34.526 

Ka 

l>. _ * , ^ 151.72( j + 0.788) 

+ ( 5 + 34.526)(, - 9,19) 

xft£!IW || r sw || 2 J|6i.69 0 
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& 19 .m& 


* 19.1 BT;^Wi£^,WBT:jjP#^#rM 



Jj K-K J 

1 W fl (K K) || „ 

'i '.'„. ii , 

m 

0-1622 

2.5295 


WBJ 

0.1461 

0.471 

61.69 


tl k-k li M ^R5J'_tb*Am j F«P¥^f#SiM*infeigaS/h 0 

a*B*¥ftSmfcgH£** J!.fE»®fitW» 

ftJK'J II W'(K-K) J „,<i(Ht II (K - K) w„ n «< Dftjftjit# 

w.raift 11 w a {K-t) 11 *s*i Kf*—t-a® 

o 

19.1.2 

iSSffitto #»JA, 

G 21 m k :nnM-frm■. 

G22 - M-'N = .VM" 1 ,K = V _1 LJ = UV ~ 1 

[N. M,J: =(MV - ,W) 1 [jv Ms = 

v '(i- c 22 k)-'[Gj 2 ;] 

R 

Cl= = [m] ( ™- &N >“ = [^]»-^)-'v-> 

a*ai.M„ ,jv„ ,m„ ,n„ 

11319.2 4- U,V€ **<#„& U w V (tifcgr&Xffi Hit.ig 
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(19.3) 


M,k : = uv-'ftSSESSo UflV 


([[/ V] ~{U V]) 


mi 


< 1 (19.4) 


f.i) k-. = v 

HMEMo NL') _, e^rf„ltt K:= u 


MV - N17 - ( MV - Ml/) J - [- V„ M : 




[ - .V„ M„ ] 

jw«ffia^*gEjfeia^Wo 


,ru - u 
L v - v J i| 


< l 


urn v^rT?'Jt*is^iai3cai: 

[“]■ 


A 

B 

Ci 

D l 

Cz 

D : 


K 


Aj - BD 2 1 C 2 
-C\ — D i t) 2 1 Cz 


BD 2 1 

DiD 2 "U 


[LJ 


A 

\Bi 

&2 

_c 

iDi 

D 2 - 


□ 


(19.5) 


(19,6) 


(19*7) 
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(19.8) 


£ _ A - BjjQJ^C | B, - BjDj'Di^ 

L D 2 -‘C ! Dj^D,. j 

& i «* »««, # @i, 3# km Sst w ^ JS/hs as. 3) 

WHSffl. #5(Hfe,K WKBT«W^l4l»*aS*4 1 - ; ¥-®fe.^c tfe^: 

KMfe.WWW. V=I.S& v=f,S^± 1 ?+ 

WSUffiS* vxmft- *$ffi H sCP^BfhKf—W#» J lf U» 

-$ L,F,L t mF k ft® A + LC 2 ,A + B 2 F,A„ + L& ft A* + 

B k F„ mferntPsten* fex 


[W M] = [ 

[ 


A + LC 2 

Ci 


b 2 + ld 2: 

D22 


1} 


-NT 

Uw j ' 


"A + B 2 F 

b 2 ' 

C 2 + D22B 

F 

D 2 z 

I . 


H= 

vl 


A k + B k F k 

B* 

C k + D*F* 

D* 

- Fk 

I , 


[tJ 

VJ 

f A* + B t C t ! 

Bt + LtD* L* 

1 

L C, 

D* 1 

J 

M K = t 7 V _1 = 

V " 1 

& ft G 22 = NM ‘ 



. itfcftl'. 



C-N. MJ = 





jA + * 

C 2 

- B 2 R ' 1 C s 

b 2 r-‘ 

B 2 D*R r 

-B*R-'C 2 

Aj + B t R- l D a C l 

1 

to 

v 

SO 

tl 

B*R 1 

[ -R''c 2 


fi‘ l D 2 2 Q - F* 

! -R"Da 

J ? _1 


L M. J 
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A* + B l D 22 R'C t 

- b*r _1 c 2 

- + B*D 3 2^ 1 

- B 2 R- l C k 

A + B 2 B _1 D*C 2 

- B 2 F _1 

- D^R 1 Q 

F l C 2 

- DaR- 1 

fl'Q 

- F'DA 

R~ l 


& *, R : « I - D 22 D k W R : = I 
-N n 


d>d 110 


i-N n Mjm f „ mK 

L M n J 

I" A + B 2 F b FC 2 b FD 22 F 
L F 

F* = -CC 2 + D 22 F)SJ L h = -(B 2 + LD 22 ), 
A-£ 2 F -L 


K = 


" L ] 

0 -I 


f A + LC 2 
F 


M- 

[U V] = [ J 

NL7 = /, VM 

Hifc,#nr^ff[-Jv„ M„] = C-N A?]*j[” N "l=[ _JV ]ii 

L M n j Lm j 

JtttG 

W 19.2 «-t«« P 'ew 


F 0 

|_c 2 + d 22 f / 

- L - ( B 2 b LD 22 )1 

0 . 1 . J 

MV - JVL7 = / , VM - UN = I 

■~N m 



1 

0 

4 ' 


"0 

0 

A = 

0 

- 2 

0 

- B! - c; = 

1 

0 


_ 0 

0 

- 3^ 


JO 

0_ 


B 2 = C7 
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Dn = 0, 


Dt 


D 21 = 


D 2 




t w II 2 fit)— 

r -1 -8.198 

- 8.198 - 18.396 

0 -8.198 

0 - 8.198 


K = 


4 0 

- 8.198 8.198 


- 3 
0 


67.2078(5 + 1) (5 + 3) 


m\ 


(s + 23.969)(5 + 3.7685 )($ - 5.3414) 
: = 37.02 o 






[- N M] = 



"- 1 

- 8.198 

4 ! 

0 n 




0 

- 10.198 

0 ! 8. 

198 



] = 

0 

-8.198 

- 3 

0 




0 

- 8.198 

0 1 

0 




1 

1 

1 1 

1 




1 

0 

4 

; - 

1 

0 

- 8. 

198 

- 10.198 

- 8.198 

- 

1 

- 8.198 

0 

0 

- 3 


1 

0 

- 1 


1 

1 

! 0 


0 


1 . 0202 ’ | 

0 ! 

1 J 


X n 

j"- 0.1814 

1.2244 

_Vj 

_ 6.504 


t&tk 


« ^ _ 

I [ — N„ MJ 


\{°]- 

u' 

■| 


_v_ 

. 1 


= 2.0928 > 1 
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Jk- 


K - - 


1.249 1 
+ 6.8165’ 


| 2 = 52.29 



“- 0.1814 

14.5511 i. 

J.0202 " 

1 

- 0.5288 

- 4.1434 

- 1.2642 

J- 

1.2244 

29.5182 . 

0 


- 6.504 

- 1.3084 

1 


'E&iiJ 


r^i 

tvJ 


L - N, M 


■='[v] 


“U 


LT 


X = - 


Lv 

36.069(5 ■+ 1.1102) 


'1 


= 0.024 < 1 


II ] a = 39.14 

ifc*K 


(s 4 17,3741 )(s - 4.7601)’ 

O' 


i9.2 c#„£ftmp¥Efr 

A B( Z?2 
CJ<1) - C, Da 0,2 
lCj ■■ i? 2 i D22- 

fTFAMgS; 

(All (A.BjlsrWje^^.AjnlteSI; 

(A2) D 12 ^J*tt,D 2 ,fT««; 

[A - i'jjl b 2 1 

(A3) I bfJSJr^f <*?!]««; 

l Oj 19 12 J 













566 


Jitt£7/^bJiit£duxn/vib^ 


(A4) f A JOj! B ‘ ItttlrW * fr ««c 
I C 2 D 21 

11 r„j 
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K = F,(M„,Q), Q€^«, II Q II „ < r (19.9) 
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M 21 (s) 
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“ 

c L 

: ^11 O t2 
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i £>21 D22J 
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Ml II F,(g,k ) II „<y 

h*^ 3 e»/jm» w 1 m w 2 ,r &&asi>j.nu 8 .mm,ffi]nft& 


w x m w 2 ifigstttiit. Ktfett 

II w 2 - 1 (k-K 0 ) w;' 11 w, m w 2 » 

31 a 19.5 IS& II r 22 II „< r. 
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0 

- Ru 

0 

*12 


- Ru 

0 

*21 

0 

,y~ l i 

0 

*2i 

0 

*22 

. *12 

0 

— * 21 

0 



$b® w, m w 2 mj& 


["( W{ wo~ l 

0 


L o 

(W 2 W2)-^ 



uEIU!; SL Goddard Glover [1993] 0 C 

ft det ( W.-'W '!) det( W-, W 2 ) fii * ft W » ffi El ft Goddard *U 
Glover[ 1993]fgtfj „ * ± 3$® ill# ffi «TI Mi&itit-®, fig 

ttft&J?- || F,(G,K) II „<y, ; 

1. »K,I« II F, (G ,Ko ) II *</69— 

2. it# ff, « R Ji—tfE®! 

3. SfflSaTOr^r&tfeUi—t k{£ II w 2 '(k - k„)W{' If ,„< 

1= 

19.2.2 

iia i9.6 fit ii r m , ii „,< y 

K(s) = F,(Mac,Q) - (@ n Q + © 12 )(@ 2 iQ + 0 22 ) _I := UV~' = 

( 00,2 “1 022 ) 1 ( 00,1 + 021 ) := V~ l U 
Qe^„, II O II »< 7, UV ~'%B V~'U 

0 = [ 0 „ 0,2 1 = 

L @21 @22 J 
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A — B \ D 2 \ C 2 

B 2 ^ Di\ &21 B\ -D 2 



C 1 - D u D 2 i 1 C 2 

O 12 ^ D\1&21 &21 DuDu 



. - biic 2 

- DnDn Oil _ 


0 = 

@11 @12 j _ 



.©21 ©22 J 




A — -B 2 -D 12 ^ 

B, - B 2 D 12 'D 1; - BjDu 1 


C 2 — D 22 D 12 Ci 

D 21 *- 7?22 ^ 12*-Dl l — D 2 2 D 12 1 


'.. DfjC, 

d,vd,, 0:2 

- 


A - B 2 Di2 Ci 

B 2 DL 2 1 B) — BzBoBn 


© _1 = 

^12 C*! 

Di 2 - Dii&n 



JCi-DnDy}C x 

^22^12 ^21 — D 22&12 Du. 



A ”■ HiD 2 i C 2 

- B 1 D 21 1 B 2 - BtDii'Da 

©- 1 = 

d^c 2 

D21 J^2/^22 



_C*1 - D]lB , 2i 1 C 2 

- -DilJ^Sl ^12 ^lt^2l 1 ^ 

22- 


VZW: *3lffll0.2 


□ 


19.7 4- K o = 0 12 0 22 t J6ffi || F,(G,K„) II „<r 
SS D .3.4 (/, ve^J/„*fi-detV(o°)7*0,ffi# 


[ r "‘ 7 0 le-tj 

(H- 

m 

L 0 7 J 

^ L022-I 

ivj 


< 1/-/2 


(19.10) 


« K=Ov-'lfcJlffi || F,(G,K ) IU<7 

sebb: s?iai9.6»,^fl©ii 
II Q II 

Ly J L ©2! Q + 0 22 j L / J 

M. 


(19.11) 
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K = UV 1 

m k ii r TO ii „< 7 

K= UV' 1 ! U#n Vi»JE.*fi(19.10),gpffi 

II F,(C,K) II „<y 

x= t-*# ii q u „< 7 wQ6^„si£#e 

(19.11). ^jZ. 


A: 


« A £![#* 


*5£ 




[A, 

La, 


i 


_c; 

1 

"IS 

~®\ 7i °i 

lv± L@ 22 J 

®L 0 i\‘ 




R 


© 


Mj/J - Av)" 
I 


~U(I - Ay>- 
V(i-i v )- 

SUt U:= UU-A v )-‘, V,= V(i-A v )-'ft Q : = - rA,j(7 - 
Av)". !'J » 0 MM K = uv" = 

dv -1 *® II f)(G,K) II „< y II y A [_r 

^ I Ay) lleo^yySld^^llfe, II Au(/-A v )" ll „<1. 

At,(7 - Ay) 1 = [/ 0]A( 1 - [0 1]A)" = 

0 [I 0] 


fliegia 19 . 3 , iat 


It 42 [0 1(42] 


],V2a) 


r 0 [1 0] -I 

'■It 42 [0 1(42V 

*—• IIV2AII _<1,M!) II Ac(/-A v ) 1 II «,<!„ 
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j£Ml9.$ ^ K 0 = ® 22 l e 2l && II F,( G,K 0 > ',' .„< 7 

■Bftfj «§,.§. 4- &, ve •=*=¥» JWr detv(°°)^o,?iS«. 

,1(1021 0i 2 ]-:& f'])@- i [ ) ' o I/ "]J <i//2 

Ml K= V 'Dlfififfi 1 F,(G\K) .1 ,„<7 wisisas, 

« ± w i- ® a a <a, Jt „ fir a is b$ si n a w it %■ % n % at -t 

(i) 4- K„ = 0.2022 1 ( - fe 1 ©,, ) I, 1 T„„ I » < 7 M & tfc 

$m(Q=o)o 

(ii) K= UV _l (gt V ‘Dl.ftl# K?lj 


A 




I 0 !)' <„* 

L Vj', 


j|([@2L @ 22 ]-;0 V))©'[ 7 J ; °jj < 1 /V 2 


II T„ II «, = II F,(G,K) )! „ < y 

19.3 ^o=MM 


ft hu is ;Lnr a ff.Bj, g»j» i$si Pigs/ 
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MM i9.9 ^ w^sye^^m w 2 (i y)e^;,MWTi/J^ 


Wi( ! 


*>=fM^Uw- 


| A,„ i s 2 
L C,„. I>, 


.a $■ a (i) e a < 5 , ( s ) = i ';- 1 : ' £tl 1 


[a, 


LC, 


n, 


e ^=v«. jb 


[F,GW 2 ].«)-t r HffStt Hankel i£»i£(Kl ,E|J 


G, = arg inf || Q 

JesO-:-. r 


X® 


& X, y,c3,s.z,«# 


[A 1w -A/ b^ 

| [A 2k , - A/ B 2 , f , 1 

L C tw D lw , 

1 ’ L c lw d 2v/ J 


A,„.X - XA, f B llt ,y =0 

(19.12) 

c\„x + D,„y = Ci 

(19.13) 

QA^ A t Q 1 ZC 2u , =0 

(19.14) 

QB Z „ f ZD 2 „, - B, 

(19.15) 

Hankel (ESfci£(H Jfl 

3 - G)W, || H = || W L (C - G r )W 2 | 

Ih = 


das (.;■;=> 

ffiW: £«#-,« w^h, -jisfflfBiwsaiib-iiBj], 

A, 

A| = diag[Aj , A 2 , ■■•, A r ] 

(£ A, &rx Jordan mm&MWfo®&&&.)' X.y.H 

Cl * 

x = lx 1 ,x 1 ,-,x r ],Y = [y 1 ,y 2 ,-.,yj. 
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Ci — [Cn>Ci2,'"»CiJ 

Jt!l5t(l9.12)fll3$(19.13)pT£ff^^ 

A,/ B lH ,j 

-'Iw ^ 

["AVl-ti, " A,/ 


rC' SrlRl-ia—- 


[A^-XJ B iw | 
L C1 v,, ZAi^J 


*J-£SF i ftmm,m$tUvET xmr 4* 


Wj = 

3M& ^(19.12)^(19.13),# 


A_i« 

Lc,„ 


- XBi 

-JV 


1“ 0 


W& = 

A Ju , 

0 

B lw Y 

Ax 

0 ^ 

B t 

_ 



.c lw 

D im Y 

0 _ 




^iii' 

0 

AiJC 

- XA, + B la ,y i 
■Ai ! 

- XB] 

Bj 


-C\ 

C tw X + D^Y 

0 


A i „ 0 

0 Ai 

-Ci w Cl : 


- XB, 

fi, 

o 


= + ^! 


II W,(G - G r ) || „ = 

II [WiG] + + [WiG].- ff, - G, || H = 

II [W,G] + - Gj || „ = 

» r+ i([W,G] + )< inf li Wj{G - G) II 
II W,(G - G r ) [| „ 

□ 

ffiSS.Sf W t = i Jt!| Y=C,,% W z = 1M Z = B la I±a$g 
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4 Gi v, ±? w 2 tt*A e 

mm, 

* 19.10 4 ~ G(j)e^ca.ji!l 

inf || WJG - G)W 2 || „ ^ inf || (G - G) W 2 || H = 

**<Xr (kgG^r 

^([W^GVFjD 

_hfe6*4»WT^^—Snliio 

sa»-^asw*«jei¥ D r m n w,(G-o-D r )w 1 n 
priffi/K D r a#-niffief5r®®wo#«;'(tA-&*t# 0 

iwa^«a!Ktsffr##: 

4- W t rn w 2 
anew 

(i) ^ 



* G W—^jtotZftffc Hankel jfi -Uo 

(ii) ®*BMKai 


G(8) = 

^i i 

, a G(e) = 

Ai [ z 


_ Y i Dg 

- G$ ; /}fl_ 

Ciii) Q(^E B e )jfir j 

Da* 


mip. || Wj(G - G(d))W 2 || „ 

in* Hankel 

9lJii.WSiffliE*in& Hankel ip 
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W, ft 

w r ( s )M 

wn^Wjii) = wrc.oWiC.) 

W 2 is)W 2 -( s ) « W 2 (i’)W 2 -( 5 ) 


II w,(c; - cj)w 2 |j „ = II w,(g - G)w, !l „ 
g w, ft WjSaeW.-B- ft,(«Oft B r 2 <°°^m5!!ftft*mi» 
ft Jd±i£ IS 5* #«*«#<§[& 31 13.8 ftifj. Min,®: ft 2 - 

[c Tb] e D ^ # w 2 O) 


W 2 * (j m )>0,JfflffS—'f Af(jt) 
M'‘(j)6rf<«.a 

it 4* 

R 


(-« 


(DD*) lft J 


, 6 


W 2 (.5>W 2 "(s) = M (s)M(s) 

B w = PC* tM)‘ ,C* = (DD- ) W (C - B«r ” X) 


PA ’ + AP + BB " =0 

XA + A*X + (C - BOA.’)' (DD ‘ ) '(C - «;x) .-, 0 


fl,l 

II ftj(G - G)W 2 || „ = || W,(G - G)W 2 || „ 

tt w, ft 


it##?#®: 

& w^e-c^m w 2 zj:„. 

(i) 4- W u : = W^-sJft W 2n : = VP 2 (- ,)„ 

oo a w.^Mr'Ar,« w 2 ,^ n z m £ 1 
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—""““hr;— 


Mi m 2 13.34 m c 

(iii) 


NfN, = VrV |( \ 2 N 2 ' = y 2 VV 


V, flj V 2 

N 2 («)^g|ft0t, 13.23. ^jHfJ,p;^6.1 

(iv) 4 V ^( 5 ) = Vj( - j)lu w,(.)= v 2 ( - ,) 0 

i^m.o 

51 a 19.11 ^ w( s )= [^■^]6x'„ja--^Mjenrist*se n 

(a) ai'i^SP «. # W~ (>»,) W(>) >0, j£5tt£rSP a,. 


A — jtu B 
C D 




„ r ~ (A - BR-'D’C) - BR 1 B * 1 

X = Ric >. o 

L - C* (/ - DR ’D” )C (A - BR ~ 1 D * C) * J" 

*«R : = D*D>0, 

W W = W" 

& + W, W- _1 G^?=V„, -,I 

w , [.A+VC-C. B *- YC'D] 

t-R- ul (D‘C - B'X)(I + YX) 1 '■ R 1,2 J 

(b) a. ^ W r (»ff-( J »)>0,i*f^® a, 


|" A — JOi B 
L C D 




y = 


Ric[ 


- (A - BD' R 'C)' - C'R 'C 

- B(I - D" R~'D)B‘ ( A-BD'R'C 
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^ R:=DD' >0,JjllJ^T?'JM^: 

ww~ = ww 

w, w 1 €*/?=#« ,_a 

, rA + bb'x ; (/ + yx) Ubd* - yc # )ir 1/2 

W =» -.- -.--- - .. 

L C + DB ' X R V1 

19.4 — X X 


Enn S [l984]aifilW 

X = Ax + Bity + B 2 u 


z 


77, h 

0 . 


X + 



3 ? = C 20 C 4 - [0 / ] -w 

jZ'PM q , = lXlQ-0 fqi =l,R 

"- 0.161 - 6.004 - 0.58215 - 9.9835 - 0.40727 - 3.982 0 


A = 


B 1 = [Jq 2 B 2 0] 


0 “ 

0 

0 

O' 

0 

0 

0 

0_ 
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H - [0 0 0 0 0.55 11 1.32 18] 

C 2 = [0 0 6.4432 x 10 3 2.3196 x 10 3 7.1252 x 10 -2 1.0002 0.10455 0.99551] 

i ?v = i.i272 0 mn ? = i.2itn-^z® 

&i)t&PmK,c jfe3ISl9.6j&tf5 K„ ^ = 6,20^' = 

0 2 V022= i9.2 


UWA 

\\K„-K'U 

UWRCF 

ICH"! 

UWLCF 

II [ 0 2I % 22 }-[v V]1U 

SWA 

K W«(K,-K) || „ 

SWRCF 

' [ -** MC]-Q) 

!. 

SWLCF 

<[§21 6a]-tG N " 

[( L M„ , 

1L 

PWA 

II w{'(K.-icyw{' || „ 
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(fife) 


PWRCF 

III'." >'K1 i-lj|. 

PWLCF 

& flEtill & ft) MUM IS ^ ^ Rfr : 

' A, * , \ y- ] ; 01 ! 

<[02, ®0 [U V'j)0-‘[ o J. 

B 


11/ O 



*19.2 * I* |*M£ « & II F ; (Gi) I! 


K rKlBY- 


7 

6 

5 

4 

3 

2 

1 

0 

I’WA 1 

B 

1196 

1 !96 

1. L99 

1.197 

U 

4 99 

u 

c 

IT/O 

1.196 

1 . 197 

1.195 

1, 199 

2.73 

1 94 

u 

U 

PWRCF 

B 

1.2 

1.196 

1.207 

1 195 

2.98 

1.674 

u 

U 

H/O 

1, 196 

1.198 

1196 

1 199 

2.036 

1,981 

u 

u 

PWLCF 

B 

1.197 

1.196 

U 

J . 197 

i; 

i; 

u 

u 

H/O 

1.197 

1.197 

1.198 

1 198 

1 586 

2.975 

3 561 

u 

UWA 

B 

U 

1.321 

U 

U 

U 

U 

L' 

u 

H/O 

23.15 : 

[ 

U 

[ 

U 

U 

u 

u 

i; 

! u 

UWRCF 

B 

1.198 ' 

! 1.196 

1,199 

1.196 

u 

u 

L' 

. u 

H/O 

1.197 

1.197 

1,282 

1.218 

u 

u 

u 

u 


! E 

1.985 

1.258 

27.0^ 

5,059 

u 

u 

u 

L 


i H/O 

5.273 

IJ 

l; 

U 

u 

u 

u 

u 

SWA 

E 

1.327 

1.199 

2.27 

1.47 

23.5 

u 

u 

u 

H/O 

\. 375 

2.503 

2.802 

4.341 

1.488 

15.12 

2.467 
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K WBi* 


7 

e 

5 

4 

3 

2 

1 

0 

SWRCF 

B 

1.236 

! 1 . 197 

1.251 : 

i 1.201 

13.91 

: 1.415 

U 

u 

H/O 

2 401 

1,893 

1.612 

1,388 

2.622 i 

3.527 

u 

u 

SWI-CF 

H 

1.417 

1.217 

48 04 

3 031 

U 

U 

u 

u 

H/O 

1,267 

1.485 

2.259 

1 .849 

4.184 

27 965 

3.251 

u 


=S 19.3 

19.10 f#SIJ«T^ 0 19.3 4 s ® £ MSUv 


ftS 19.10 to,McMillan |5fj-lF*;f r.RlJ e>a r+i „ 
* 19.10*fHWm*T^o =S 19.4 fft Ej fl £ii 5 e-j£2j 


/[ 0,2 I 

r*h| 

i [@22 J 

[ v J / : 


r0i2i_ ft/ 

£ “' |j L ®22 J Lv 

e. ® E , *—#«i Off) v.Hn/Fft/FiJpK^ffll^Efl-^W ufn 

\7„ 


*19.3 PWRCFie fPT# 


K&lffc 

- 

7 

6 

5 

4 

3 

2 

] 

0 

TJf 

a r ^ i 

0.295 

0.303 

0.385 

0.405 

0.635 

0.668 

0.687 

0.702 


B 

1,009 

0,626 

4,645 

0,750 

71.8 

6.59 | 

127 2 

2.029 


H/O 

0,295 

0,323 

0.389 

0.658 

0.960 

_1 

1 

1 
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* 19.4 SWRCF :€ £ &&&$}€« 


KffjEfr 

r 

7 

6 

5 

4 

t,MT# 

C7 r f 1 

l.ix 10' fi 

1.2* ID - * 

1.9* 10* 

L9X10“ C 

e. 

E 

0.8421 

0.5048 

2,5439 

0.5473 

H/O 

0.0001 

0.2092 

0,3182 

0.3755 

£ u 

B 

254.28 

9.7018 

910.01 

21 ,444 

H/O 

185.9 

30.85 

305,3 

15.38 

KfttEfr 

r 

3 

2 

1 

0 

£j 

a r- 1 

9x 10* 

6.23* 10 J 

1.66* 10“' 

2.145* 10“ 4 

e. 

E 

11,791 

1,3164 

9.1461 

1,5341 

H/O 

0,5403 

0.7642 

1 

1 

e* 

E 

2600.2 

365-45 

3000,6 

383.277 

H/O 

397.9 

288. 1 

384,3 

384.3 


pwrcf^pwlcf^m^^^^Co 

Sttintu ®gHs*f- m mmmm % aj r -& a w *g #, <i 

3^ -MSP,* 19.4#K.Hankel/fttt; J (fc^rft&5 7 gffiDiKifittig* 
e s ^«/j'.(as ^»i4i6jg@4pas®ajT*ifflii 0 

a^a#j^ip«*s: ® iit»gfi-fe-*. m aj t «w w , is 

«*«T 

^fsaifeiE«,aii*f«iBi«,A'(n««fSiidj^ 
iiit5i*2ffiHS;fe#N#^r5a:«i^ifeo i9.2 : ®.w&-t%g 

SH 1 i&^M =?, £ SJK H s£ft ffl aj T ttH*-® H ft, WJ 

*tfacM»S&«r,Bjl B, &PM5 B 2 £»«;£** 

Bi = [/T 2 B 2 0] 
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19.5 

Enns[l984]tf^tfilfto T 

Liu ft Anderson [1986,1990] , Liu * Anderson ft Ly[ 1990], Ander¬ 
son ffl Liu[ 1989]WS Anderson [ 1993] o W^iEMft 
Mustafa ft Glovert 1991 Mth 7 WfiM 

McFarlane ft Glover [ 1990 ] ffi It» ft i ® B S ffl 7 
^M m ft!l#1$BM5IJB. Vinmcombe[ 1993 ] ft ]S| 

Lenz, 

KhargonetarS DoyIe[1987]lfetia 7*3—WflHiE—?(§ 
tB69 *#glfffli£WiSiS*S#7 God¬ 

dard* Glover[ 1993 >1994 Jfilft, 

IWKWMSXSSSfl^S. Hankel?6» 

2£fHft Latham ft Anderson [ 1986 ] , Hung ft Glover [ 1986] VJ, Ik 

zhou[i993]*ft7i7i&„ 

Zhou[l993]*EJ®S9o 
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#Sre#J M m , & #» Hi & ® H S Bfr & « 4b & *e SJ 

Lagrange 

* 20.1 

Lagrange MTKVt3)& ,20.2 

»■»: =»2 affiiffimraijgo 

20.1 Lagrange ^ -J* ^ Sc 

«fffa#;f;Sti6t4>ife5iJo 

^/(rll^lri.rj.-MjeF 2jj£,SC*£ —^-S- SCZ.R’ _h 
W&eSfL * S ‘fW-^Joes" j6SJ 

/(J-) ^ /(a-n) 

W»* /ft S _tft )*.<]■,&. ?H¥ft ^ ft-'Mfi# N.te 

«*fT0fWj:eN,*/( J :)>/( a - o ),Jg!lj^ J - o 6S^*/ffisai 

XttoT1lf&##l!8XS,Bii&-& s SA-Ki»i,(ri = 0, 

/=*l,2.-,m,j«#ft-JftA 

M(j:): = [A,(jt) /i 3 (j;) -•• A„(.j-)]^-0 
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i minimue/( jo ) 

!£j*:H(.r) - 0 

m& /Mm k l u')&n5mM,Mmx 


V/U): 


"i/1 
3 * 1 

££ 

3 *1 


ix 


Wf(x): = [VA.Cjt) VA a U> ■•• VA„U)J=* 


c?A | 

dh 2 

3/ !wi ' 


3 -i’l 

djri 


<^ 2 

3ft , 



2 

dh, 


5^ 

3 X n 

-?.r M 

f7x„ . 


20.1 SVH(j- 0 )A^^SI«(™),Jil'J^SI&«j* H(. r „5 =0 
«A aroes.*»jifc««i* 69 ^ # & #•, *f * e ar , •> 


*<.r)s£‘HU)i,»l]V'*(.r 0 ) = W(x D )* = 0*^ril —ftf j = 0„ 

20-1 Jg S JTO e «’ £ /(^ )##& A fT(x) = o T «M ft ft * 

A.#®a *0 

Pi] 


A = 


A 2 


e "'g ” 1 


LaJ 

F(jc) -/Cx) + H(x)A J WVF(^ 0 ) = O f fiP 
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VFCx 0 ) = V/(x 0 ) + VH(x 0 ) A = 0 

20.2 i,er */(*)&»M «(.?-> = o Te9J@SP®/J' 

A °le R" fl 

A J 

ffif# A 0 Vfixn) + Wf(j;o)A = Oo 

a 20 . i &BT & aj msp® 4> «■-e - fin-3fc##¥ifc«=, fs*»f] w 

*£&&« 

s & #, & ® & 5 ^ ft - -t-» 

£&<n« et*, 

ttmmT 

?ia2o.3^ t(x) = t(x>* e:5;'*'*.*fs:&jita&,« * 0 e 
R”4S#T(a: t ,) = 0o SP^Xt P=P’ 6S'VVTrace(T(^ 0 )P) =0 
ff P = 0,M m*)M T(x)= T(x)' =0 
TjEWrS T(^)=[f, v (x)]*Xt#ffiffai0: 1 ffiy tti = 

IM T(a:)=OM#igt^**lt! HI+ 1)12 ^3. t ij (x) = 0,i = 1, 
2 .-,i,i<j<i £m&io A^jcjn^uiTytrsxt^ . = 1 . 2 .-, 
i,i<j<i *«-*/,„ =o,«| 

1 ^(j:c): = 2 Vt :-p„ + S 2 V,, Aj = 0 

v 1=1 '-1J=<+1 

M5Lpiji = ^Cx 0 )oT^j^jtPT^^ T jaj 

mm#;* 

i t 

(Kj-o) = M^S l,P Jt ) = VTracet TU 0 )P) 

' . = 1 J=1 ! 



# •£# 
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Jt+P = P*, □ 

M 20.4 I|6RT(x) =0 

as t(x) = t(x)* ea'*' „ iiESj.MfSf®#! 

p = p* f(x) = /(x) + 

Trace(T{x)P)Bt,^rVF(x„)=0,g|I 

VF(x 0 ) = v/(x„) + VTrace(T(x„)P) = 0 

x 0 *^*#«^a<rw®,^rjflTSo 

S 20.5 it x 0 eR" T(x)=0 TMfiWfiH'A , 

as tu ) = t ( x )'€ s '* 1 . jm#*o^( 2 0 ,p) 6 s xs'VA^r 

p = p* ,{£» 

2() Vf(x 0 ) + VTrace( T(xo)P) = 0 

a 20.2 a— *gi$ x€s‘ x, '3fe^®$a:x€E’'a:**® 1 sp 


X = VecX; 


X 11 


&k\ 

■E i2 : 


*kl 


M 


VFU) : 


■£FU1"| 

I 


3FU) | 

- 5 -Z*g - 
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- 3FU) jFC r) ... 3F( j ) ~| 
cf-r ]2 I 


,TFU) 3FU) ... #FCr)J 

3j.’2, a.r 22 3 r 2ll = Q 


J.PU) 3F(j ) ... 3F(x) 






./ = A.r + Ftut t- Ii 7 u 
Z = Cj X 1 + D 12 u 


a®jgj? »= fx «*#a + b 2 f m %..aw 

Jo = II T m . II l 

Dr 2 D l2 = I =0 3 M i£ Jo = 

TraoetB,^; X),^4* X = X * >0 

T(X,F); = X (A + B 2 F) + (A + B 2 F)*X+(.C ; + 
D 12 F)‘ (Cj + D j2 F) - 0 

Lagrange ('il: ^ , Ai ilttff ^ T , 4: fll; jr HrW:f& 



J(X,F): = J 0 f- Trace! T(X,F)F) 

3S*P=P*o A ^B 2 F 


VTrace( T(X,F)P) = 0 




<?Tr a ce( T( X , F) P_) 1 
5X 


3 Trace ( T(X,F)F) j 

3F J 














J"P(A 


+■ B 2 P) # + (A + B 2 F)P 
2{B{ X + F)P 


L 


^m-mp= o 0 Hut viwkmmmMVt&i 


^J(X,F) = BiB , ^ p( A + BjF)' + (A + B 2 F)P = 0 


( 20 . 2 ) 

= 2(B 2 X + F)P - 0 (20.3) 



= 2(B 2 X + F)P = 0 


(20.3) 


— = X(A + B 2 F ) + (A + B 2 F)" X + 

(C - ! + D, 2 F)' (C t + D,,F) = 0 (20.4) 


»3Ff6A^(20.3)#PJifii& B 2 x + F = o, i e:>®jl'K 

{ajjn.&esiij f®a + 

B 2 F>;«S,W!J P>0o HUfcW 

F = - P 2 * X 

#jJt3feS«AilJS:(20.4)JI«Pj#@J«{n»*W Riccati tTg: 

XA + A * X - XB 2 B 2 X + C,* C, - 0 
iP M (A, B 2 ) fi "BT 0( g w, #- j. (c!, A) jfi tt _h A ft & A H J J* #|J 
, m Life Riccati # « % $ & «? = & jit 'it ® t , m n a w # ® 


20.2 


£^>K#(S£ffi Lagrange *tli ®/hft;-# -M 2 
>t + figc G hn »)-&,£«* 
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Ci) (A,B 1 )irT&£,(C 1 ,A)i*te«is 
(ii) (A,B 2 )pI^^,(C 2 ,A)pT^M; 
(ili) J ] I 


r^i 1 * ro‘. 

(iv) I D2 Jd 21 ^[Jo 

^ 2 ®flE;re®«tNiS:i&35f-»Sk 

«,#- n, BfrefMS 


K = 


[-"I 

L c„ ; o J 


: FttJ5J:WJSS,aw<R«ffi(W*WsSC3K®*^«i,S|i{A 1 ,B r )* 

A B 2 Q ; B, 1 _. _. 


T,,„ = 


BAA. /!,/>,, :j^ 

Cl D I2 C,. : 0 j 


K'f' A 

il A. (11 = Trace(SB * X) (20.5) 

R-4* X * T^WWMJIt Gramiaa $EP$ : 

XA + A * X f C'C = 8 (20.6) 

sa 20.6 flg * ( A t , ii, , C c ) X/ oT ft *u BJ M ill 69, ffi K = 
A, : B, 1 


C, ; 0 


H34#* « >: 
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n xmvMn a c ,b c mc e # 

a c - r(A - b 2 b; x - yc{ c 2 )ir (20. 1) 

B c = TYCz (20,8) 

C, L = - B 2 * XlT (20,9) 

yx - it Mr, ra* - i „ 

mm M r: =n # r ^ r_ : = I n ~ r flfef# 

0 - A* X + XA - XB 2 B 2 X + 

r* XB 2 B 2 "Xt^+ CX C, (20.10) 

0 = AY + YA * - YC 2 C 2 Y + 

r x YC^CaYri+fJ^r* (20.11) 

0 = (A - YC 2 * C 2 ) # X + X(A - YC* C 2 J + 

XB 2 B 2 X — r j_ XB 2 B 2 Xt j_ (20. 12) 

0 = (A - B 2 iV X) Y + Y(A - B 2 B 2 X)* h 

YC/ C 2 Y - r_ YC 2 C 2 Yr/ (20.13) 

rankX = rank Y = rankYX = n t 

(20.5) ^ M, & A) (20.6) 4* Y = Y* € 

Ji = Trace f (XA + A* X + C* C)Y f 

3/, 

-- - YA* + AY = 0 

<?X 

^ D ®-» f' = 0o Lagrange# J-^r 
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Iko $JJ$, Lagrange / 5flT : 

j : = Trace(BB*X) + ] x 

# x mv 


x = 


y, 


y i? - ! 


Y = 


y» rj 


(A..C, 

: 2 (X,* 2 Y 12 + X 22 Y 22 ) = 0 


aj_ 

r?A r 


( 20 . 14 ) 


§£- = 2 (x 21 B t + x 12 y L 1 o 2 + X 22 Y{ 2 C 2 ) = 0 


— 2(b 2 x n y , 2 -+ b 2 x u y22 + Q y 22 ) — o 


dj ^ _ 

^ = XA + A + X + C * C = 0 

3/ _ _ ^ _ 

= YA * + AY + B* B = 0 

<> A 


(20.15) 

0 

( 20 . 16 ) 

( 20 . 17 ) 

(20.18) 

0 A *t^,M££X^0, Y>0, ^-e(20.17)ffl;j-e(20.18)iir^ 

0 =X n A +■ A*X n +■ X 12 B,C 2 + C^B;Xi 2 + cr C L (20.19) 
o = x l 2 A r + a*x 12 + x h b 2 q +- qr b;x 22 (20.20) 

0 = x 22 a, + a;x 22 +■ x 12 b 2 <; + c;b 2 * x ia -t c;c, (20.21) 

0 =AY n + Y n A* + B 2 QYn + Y n C*B 2 H B^* (20.22) 

o = ay 12 + YjtA, + B 2 qy 22 + y m c 2 * B t * ( 20 . 23 ) 

0 — A c Y 2 2 + Y 22 A ( + B t C 2 ^ 12 + Y 12 ('2 B<* + B ; B,* (20.24) 
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1. X 22 >0-& y22>0:^iiE X z2 >0o 0 X>0, 2.16* 

W X 22 >0 .M X 22 X 2 + 2X 12 — X,* 2 o 0Jifc,^(2O.2i) 

0 = X 22 (A t + Xl 2 X{ 2 B 2 C c ) + 

(A c + XhX{ 2 B z C ir )* X 2Z + c;c 
c r , AJ # W1 ffl W , ( C r , A, + X 2 + 2 xr 2 B 2 Q)til ^ nJMi'J 
$) a Lyapunov 3.18), bTtIE# X 22 >0o 

flEf# y 22 >0c 

2. A ct B c ,a,rm x 22 >o*n y 22 >o,^^ 


1™] 

II 

1 

(20.25) 

n: = y 22 ' y,* 2 

(20.26) 

r: =n*r 

(20.27) 

r = X 12 X 22 'X 12 -> 0 

(20.28) 

= y ,2 y;J y,* 2 > o 

(20.29) 

X 

I s 

>< 

1 

* 

II 

(20.30) 

II 

I 

2< 

2< 

(20.31) 


UiJi i£(20.14)^ 

Fir = i 

W r J = n'ra*r=n'r= r„ tiq x>o m Y^-o.fcfi x>o fn r 

>Oo Jtfc^,ftSr@(20.14),# 

«(.= rankX 22 ^ rankX^ ^ n c 
rankX] 2 - n c = rank y 12 ifQ 

rankX = rankX t2 = — rank Y -- rankyX 

is Yxwsit#**# 

yx = n* (- Y 12 x 12 )r = n* y 22 x 22 r 

m 

M: = y 22 x 22 * y^(y^x 22 y^)y 22 '^ 
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B, =- (XiiX^Yu + Y- 2 )Ci 

= (ry„ - (rn-)Y; 2 )c 2 * 

= n y„ - n* y; 2 )c 2 * 

= rye/ 
fp 

c c = - B 2 *(X U y„ YjI 1 + x 12 ) =- b 2 *(x„ + x 12 r)n* 

= - B 2 'xn' 

i^(20.24)-rx^;(20.23)*i—sjc-fetoftsttii#. sr# a, W 

o 

3.;£T X, Y, X m Y ift^g: # A C ,B, fft C,. (t ASJiS 

(20.20) xr*1^(20.23) x n 4* X = rX W Y = 

*,ST#HS:(20.12) »^(20.13).ag,ffl^'g(20.19) 
g(20.21),#ffl*g(20.22) »i*«(20.24),ffiBjgJIJ*g 
(20.10) *l^g(20.11)o 

□ 

ffi 20.3 fl f = n,PW r = 

I,r x = 0„ Jit ffsf, (20.10) * £ g (20.11) $ Si# * W 

=# 2 Riccati A g: 

0 = A ‘ X + XA - XB 2 B 2 * X + Cf C, 

0 = AY + YA * - yc 2 * C 2 Y + B,B,' 

Riccati ^rg#*Uft-M«Si¥ x>0 ftt YS=0,®ff A - 
B 2 B 2 *X fflA - YC 2 * C, *]itnj»,*-g(20.12)*]* 

g(20.13)A#PS-#f : 

X = [ e (A - rc > C ) :, ''XB 2 B 2 * Xe lA yc 2 t ' i )'di>0 
y = f e (A-B 2 B;X) tyC * C2 y e (A-li : B 2 * * > ' ! ^ ^ Q 
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x*^im&,^5&^(b 2 *x,a - yc; c 2 ) 
bb.&%(a-b 2 b 2 'x,yc; 

-a«yf 

A - B ? B,“ X - YCrT C 2 ; YC-i 
- B,* X 0- 


K„t = 


X 


:J. B 'l- 

“r(A - b 2 b; x - yc; c 2 )r _1 

: rye;’ 

oJ 

- b; xr 1 

0 


K„ 


3£o)iSifn ,£ x w Y*#^#©,wa*t6>R# rw nffi#rir 
= n ip**M.ilr = or ) l „ &at.4f 

[ A ‘- 
Lc r 

‘a - b 2 b 2 " x - YCi c 2 ! YC 2 
- b 2 * x j o 

bp^ x k,ms# 

BlM*JM(IEiBSfn®-aMSP#),Jil!l^a 20.6 iftftJTftttfi'IM 
3S„ K„ W^a*ie.J;*/hft9,Bdt®a20.6 * 

a#*t>ri6#d)— 20.6 w*s* 0 

-^nrfiWnrawMteMft.wM; « t #«. ©■ 

a 20.4 

a 20.5 itt*-fttfe5iffl*9tijHi[la* W 
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20.3 P## 

flJfflL ag range*^U0ftffi;«;^feor*ffS-^tgje»#f)£ 
Hester [ 1975 1 *&k t« n*«ft 

K.lfiJ Luenberger[1969]^fifiTflK*fH^R«l}0‘l*®o Lag- 
range Hyland ^0 Bernstein [ 1984 ], Bernstein ft} Had- 

dard[ 1989 ], I >!& Skelton [ 1988 M 

S20.6 It 9t^. Hyland Rernstein[ 1984] ^ Ifi o 





Jitt£ 7 /^bJiit£duxn/vib^ 




P] Riccati #6®»Ut M&ffl t W~ 

Riccati Jj S St-f'ftsj itl&jR, MPA is W Lyapunov 7/So 

HHt,£2l.2 Lyapunovas© ,lfU# 21.3 ^ 

'f't&Jti Riccati timm V1&-H Riccati i'g4'*S5 

LQR fSJStfto 
#4i|W|»£E^?E 21.4 Tf^iftfS, R iccat i 

21.5 tr + Htirr-lSWrtl 

iS a it$e » rt*eft fKittiSa? (ai #]& , ajs 0 j£#jii. ft h it# 

M ,iE aits® H 5t#f» a fi »#jft w # ftft Mtt&s w w # c * 

&XTK W)o 21.7^+'^©5fifit^i!cWl'i3j ^ 2 aflt&fth & 
is, 2 1. s if m 21.9 if +• ^mnm w w w-mmm 1$ $t r a 0 

21.1 /^Smi'a]#^ 

* 4-—:WPS**K 

j ^ + 1) = A„t;(j£) 4- Bu ( k ) , jc( 0) = jr 0 
y(k) = CrU) + DaU) 

u ^!j y 

Y(z) = G (z)U(z) 


(D ^ tt Lyapunov Jj g£ =fif Bj & % Stein if M Q 
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+ U(*)fl Y(z)& u(k)m r(0) = 0)T 

G(s) = C(z/ - A) 'H + D 

w snT njae w bj aaaie «j a *. 
mm 21.1 t 

Ct) (A,ij)jtr>sTj4ft3 = 

00 »J 

a = [iJ AS A 2 B ■■■ A” 1 B ] 
3*rfrfl!%,BIKA|lmB)!= ^mCA 1 X B ) = , 

Ciii) AGC .$EP£[A - II 

(iv) 4 A ft A 

JT* A = ,r • A JIJ x’ B^0 o 

(v) a + bf w#ffifflBjiiaasa®F 

5&B 21.2 

(i) (A,i3)3?>>r«S?&&, > 

(ii) *MiSE [Al>l,5gft [A 

(iii) j(i'f«ftx*A = J :"A #ut>l Mftjg A iW-r.-frXB^ 

Oo 

(iv) Jg# F ^#A + BF y-lUM, 


(i) (C.A)*dI ®*!|®) 0 

(ii) BTi«»ffe)®P¥ 


C 


CA 

(A 2 


-CA" -1 . 
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*?IJfift,^nr.iKer(CA i - , )=0„ 

(iii) 

(iv) 4 -a m y %A 

Ay = Ay , 5PJ Cyr^O a 

(y) A + lc 891#amass»J8cL ffifft*tSS(3tfScW 

(vi) (A- ,C*)j*jnT&»o 

Sii2i.4 TMffifft: 

a) (c,A)»art&a« 0 

(ii) 

(iii) AlTttJK. Ai = Ax fPlAlSsl Jlf.l Ci#0 o 

(iv) L ffiff A + LC ASiSMo 

(v) (A* = 

A Wff%'£(?r )«f^EIrI# 

x * (-r ), BP -r"A = Ax ‘ (Ax = Ax), H. 0 # _r € C" , x * £ ^ 0 
(Cx^0),Ji!!j»1#tiHffl A *BTttfi9(BrfflWfl9)» 

aj£im*BT5Mm o 

21.2 fijjifc Lyapunov 

4- a,b »q *_Mrig3i|»cfci£$EKL #itSnT^tt*a 
AXB - X + £3 = 0 (21.1) 

II a 21.5 (21.1) =fj st — m, S B.& S Xf W, ^ i, 

A,(A)A,(£)^1 0 

S21.1 A i (A)A,(B) = l,M#«(21.t)9g3E)» 

£nM £ = A * J=L Q = 

Q ,IW*jItarS*i»nB: Lyapunov*a, Q) 
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JittgT/viWiit^d^n/vibbb^ 




313 21 -6 ^ Q ^^F$,%lfeSnT Lyapunov ^ : 


AXA * - X t Q = 0 


l.iS A i&^/E.WJJnT-oHfiJsSi-iL: 

(a) X= S’o^CHA'y.JiaOOIt.X^O, 

(b) g Q>OjlJ(«,A)*Bl*»lM,aa’(Za X>0 o 
2. ® X J»k_hif Lyapunov JIM, 

(a) £- X>0 fi Q^O.BlJU.CAJKU 

(b) i& X>0,Q>0 3(Q,A)*trrM«'Jl»,]l A 

21.3 MWC Riccati ^fig 

Riccati @®=M,SS 0 *f«E 

mhumh&i. Riccati 

ires&gSH-nta Jt 2 « 

=tf 2 *fl Riccati ifsgi 

M 0 

«I^Se^” >2 "31-*4-t- n X n Tife: 



pleciic«^{*e<J**fc't :, »A¥®»)o simpiectic Jg ft ■& @i J& S 
a JtrKIttiE'Ii.ijliJ a ,1/a fn i/A ik#}%i^W&{6.o 

£ S^BTjEM.Ji simplectic )gft S <fr A$nT®:ct: 



( 21 . 2 ) 


A 0)35,0 = Q‘ ,G = G 
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*Ki ftm\z \ >1 

rt## n #!fe n SMitT'SlM] X. (S)*t Of, (S)tfflf 

# fi *h£ | z I < J rt ffi) # fiE ffl 8J * 32 T £ I'S), e # JWJ Sr ft JLst T 



JCt 1 T,,T i eS’1.'S T! j£Sf0m,;g«??!??|Si] 



X: = r 2 T ( *,jffi] X fU S Si—X A- 

Ric„ it x = j?,v (s), jnnttgfct<rffii( 8 ifjg,ffift] 

TSeX, 

21.1 ffi domCRic)*^ Ric Kl® , t: f±l FJf W-fc#-© H 



_tjeWfiEfi.n.w^^iBi x. (s)w im 


simplectieffiffi S ^JsSJWo 

$3 21.7 4 ^ s an^(2i.i)^m^x,^m'& sed fl m(R,c),x= 
Ric(s),m 

(a) X fipft— 

(b) / + XG gBTjSM.-H. X ft®: Rirearing 

A'XA - X - A ’ XG (I + XGT'XA + Q = 0 (21.3) 

(c) A - GU + XG) 'XA = (J + GX) _1 A fi©,^W 0 
&®,j£(2l.3) + ltt^iS: Riceaii 


A*( / + XG) 'XA - X + Q = 0 


1^21.2 2fTA *^#69ff®,SMSflTrAt3fffiffifn|®^£ft S 

M&ffilBJ S; 



- W2 


JittgT/viWiit^d^n/vibbb^ 


A WTjiL±ii]*S»S"F^«ftMU,,-,^[«*'g'o 


r A 01 r i G ] 

i -0 />• “Ho A-r' 

c.-'a ; m ; ;.])'■-[; :.w-< 

i£JSL Van Dooren[ 1981 ] VJ>]& Arnold Laubf 1984 ] o 

ilflfl: 


= 2,-,A 


V 


( a) JSJ S £r dam ( Ric ),^S[ 3 T- 


r T i 

lt 2 




«-(S) = Im[^] 
T, aTj£ c 4- X: = T 2 T, l ,H| 



X t = X 2 M X THtf.Bj x fix-fftsWo 

B3* 


T* 


XT, » T 2 


(21*4) 


rr xt, = r{ r 2 

r; t 2 

® x —n * n &L 

& 5_ ,**J£ 


ST ~- TS_ 


(21.5) 
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(s: T'J)TS. =<s: 7"/)ST= (S* 'D/ST-' 
T'SVST - T* JT 
S* (T’JT).S. - T*JT - 0 
Lyapunov*'©, US I^Mo mt .#^-#1 
7'VT-O 


t 2 * T] - t; t 2 

0 T, 

(b^iM X # Riccati^Wliff,i4^PJj!:(21.5)«XWtf£ 


LU[ - X 




s! 


LX 


Mil 


T,s TV 


Ij£*SC(21.6),W 



( 21 . 6 ) 


- XA + ( J + XG ) (A ' ) 1 (X - Q) =0 (21.7) 

ME /+ XG nTM= fflSffife.fi-S f t- xg 
I^J® ncl? ft# 

v" (I + XG) = 0 (21.8) 

U2 7>'£Jfc5*;(21.7),J»m V XA=0 o HfSiftA 
v’x=o B ^iS;(2i.8),axjg5N# » = o e ■ t -m®.7?g 0 yajft, 
1 + XGBIiS, WS;(21.7) 

A* u + XG) XA - X + Q = 0 

i&ftS Riccati#g(21.3)„ 

(c)3%iiEaj3 x 0 ]£*st( 2 i .6)itn# 

A + G(A * ) l Q - G(A ' ) ’X - T[77' 
fUffl Riccati 

(T + GX) : A = TV? Ti 1 
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r T’t i 

a 21.3 4" £X + (S) = Im ## T! ,jai Riccati ^ 

L T 2 -I 

x- T.T, 1 + r;x) *a '4 

318 21.8 0# Gfljg S&#.{fcH I.^Mo 

'b'X- (S)= Im[ ] ,« Tj" T 2 >0„ 

iiEBB: ^ T = [ ^' ], mj S-M& 

ST = TS (21 .9) 

#11 s &>£eHrt;fcWffitfu X4- 

U t = TS i ,k = 0,1,- 

»J U i + , = SU t , Ua =T, SJt v=f° J l, mm t; t 2 = 

Lo oJ 

usvuc&mjez 

Y,t - - u; VUi + l/ u * vu,. 

= - yj ( u ; r , vLr i+1 - v: vu, > 

= - u; (s* vs - v) u, 

I 0 

HUES a »Q 

„.. „ ,. r i - q rr = q o - r i o ] 

S VS-Vbi ! ! <0 

Lo I JL 0 - A'C(A* )"*I L Q / J ' 

HitJttff.t k>o,w y t >o„ h 

u t -o.Wit t; T 2 = iim^„y t >o. U 

5liS 21.9 (SS G «Q*IE#-^iW,ja!l Sf: do,n(R,r), iS&U^ 
(A,G)>jcl#tJg&j.fi. S 

iiEM: affi(A,G)«nJ«^tt*l S £4M£H| h 

T, fcEtN^ffl.BPKer-r, 
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^Oo Kerr, * S_*^® 0 ffi « .r 6 Ker, T, „ St^St 

(21.9)* 

(A + GlAT’Q.lT, - G(A*r‘T 2 = T,S (21.10) 

-(A*) 'QT! + (A") 'T 2 = TVS. (21.11) 

#S(21.11)«;Aait(21.10).TTI^ 

AT t - GT 2 S_= TjS (21.12) 

W r * S! 77 £*±3C, Jf W .r ,PI« 

- x * S * 7" 2 * GT 2 S .r = _r * S7 T,‘ T, S _c 
tfi• jO 21 .8ftt.r; 

GT 2 S jr = o 

£jU21.12),±j£S:!## TjS ;r = 0 o HlttKerl', S - 

SWo 

Slffi T, A^iif^W.SKKerT^Oo JfllJ S .. Ik,^'-W tt 

m. a w—Xifiiiefjwffiisi*^ 

S- * = Ajr (21.13) 

I A 1< 1 ,0 ^ a 6 Ker 77 
IU x if*5£(21.11M§ 

(A’)-‘T 2 .t = T 2 S j- = AT,./: 
m T 2 x^0,M 1/A * A » - # }iE K, # M 0 = GT 2 S. .r = 

XGT 2 _c, H]tt,GT 2 .r=0 o j.r = 0,®&*.-F 

wiflsWo st r, n 

51 a 21.10 ISiS G ^11Q *iE^7e)EI^,M 

s = I" A + G(A*)-‘Q - G (A “ ) " 1 1 

I- - (A" )' ’Cj (A* ) 1 J 

«tifefl(Q,A)S2FBj)ai0«S o 

ffiW: 
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(<=) M&S 

“3 J 


s 



x 

y - 


m 

(A ^ GiA * y l Q)x - G(A * ) 1 v = fP* 

- {A < y'Qjc + (A*y l y = y y 

vi g 

At - y 9 Gy ^ e**x (21.14) 

- Qr. + y = e^A * y (21.15) 

tU e **£*:£<21.15 ),JjW# 

e“ J % * Ax — jy * Gjy + 3 ? * x 
- t ' Q;r + x \y - e*z * A* y 

Sfe 




— .v * Gv - ,r * Q.r - 0 


y'G = 0 
Q.X - 0 

ft A 5 U £, (21.14) fn s ( 21.15 5 4 1 -£-, W # 

Ar = e^x 
e ,f, A\v = 31 

Hx AfiKntf^.e^^CQ.Aj&aA^MJSISiSACA, 
(=») ra-et s^#.^h c >> M(Q,A)m—^ 



ajite^isxdxcA.offi^-ftiai 

21.11 '$-G»Q-xiE¥fcmPf,M 
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= [A + G(A')-'Q - G(A " )”' 1 

' - (A ’ )"'Q (A* ) ' -I 

JW Sedom(Ric),3B.«:^(A,G)»Bl«gfi5,il(Q,A)4#.tt 
lH±*^5I>!aSll«So S6d™.CJ?ir),J»J X=J?«c(S)3s 

0, Btf X>0,3-aCt^{Q,A)*^nTa*mfe«So 

■fiERH: = 

21.9 M$\m 21.10 #50, Rjccati £8* 

A * ( / + XG)" 1 X (/ + GXK’A - X + 

A ’ X(1 + GX) 2 GXA + C * C = 0 (21.16) 

+ GX) 'A A * X(1 +• GX)" 2 GXA + 

C’C^Oo & Lyapunov 5£USD XJ^Oc A IE X lulift'fl 

BUiEttffi.fi® X G KerX, # lit x* W x # Wl £ * » * * it 
(21.16), Rj» 

XAx = 0,Cr = 0 (21.17) 

KerX SA # KerX ^ 0, WJ i¥ ft 0 

^xGKerX,-®# Ax = Ax ,ffij Cx =0 o xGKerX.fl ( 1 ■+ 

GX) *Ax = A (1 + GX) _, x = Ax, H(1 + GX) _1 A 
IA I < i„Hlit a *(q , a) ft*' njffiSmSflAS. 

ft xGC”ffi(#Ax = Ax mcx =o„ 4nra±jf,w x* *n x 4H'J£ 
#*i^*S;(2i.i6),# 

I A l 2 x • (XG + 1) l Xx - j;' Xx - 0 

anra'fj® 

X*x 1,2 [l A 1 2 (I +• X ,/2 GX U2 y l - l]X lH x = 0 
X>0,G>0 W|A|<1 *»*|A| 2 (1 ■hX 1 «GX ,, ' 2 )'-‘ - /<()„ 
Htt xx = o,ap x rj 

^13 21.12 fi® D R = D* D>0,MJ£n~F#ffiJ@: 

(0 MUM e€lO,2^,[ A ^' ®]**jjjRft. 
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(ii) ((/ - DR- l D* )C,A ~ BR-'D* 

c,a- br 'd- 

JSISJ^S, 

ffiffl: fgl&e'^j(a~DR _1 D* )C,A-BR 'D’DW-f^ 

nrass «£,»«## s^o.mn 

(A - SR-'D* C,).r = e' s j-,(J - DR 'D* )Cr = 0 

ap 

“If ' ”]!'].o 

J - C D j L- R- [ D * C 1 -I L 0 J 


- eTI B 1 


(21.18) 


L C D- 

& 


[>■ 


A - & 9 I B] Tw 1 _ 


C 


JL 


“] = 0 

V J 




i*SU 


#.a 


;;m 


/ 0 

- R 'D' C 


°](*1 

/ Jl v J 


(A - BR ->D * C - ^l)x. + By = 


() 


(21.19) 

( 21 . 20 ) 


(I - DR~ l D' )Gr + Dy = 0 
VX D'£*SC(21.20)W ;y=0 o 154.# 

(A - Ri?-‘D* C)j = (/ ~DR 1 D')Cjc = 0 

BP '13*)C,A -f®- l D*C)654<ol3(»«^c 


□ 
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*21.13 Igiik D R = D' D>O a i£S%] 

_ r E + G(E ‘) 'Q - G(E' )-' j 
~ - (E* ) _, Q (£*)■' J 

JC4 1 E = A - BR ‘D* C,G= BE '£ - ,<2 = C* ( / - DR " 1 D* ) 
C,J=L(g& E M Sednm(fii<7),3-i.{Z^(A,B)*nJ 

oe[0,2,I, I A ~ 1M 

I - C D- 1 

X=Ric(S)> 0 o 

S 21.13 simplecticlgftfft Riccati Ufftl 
£• XE - X - E’ XG(I + XGy'XE J Q = 0 

A ' XA - X - (B ' XA + D " C) * (D ' D + B‘ XB ) _ 1 
(B ” XA m'o t C'C = 0 

2i.4 




oraW«So xfT a 3^#«fiS®,£iMJiuR.t^4 3 ^S£ 
SXai‘( z ):=m t ( z 1 ),W 

(A* ) 1 - (A - )-‘C* j 

B * (A * ) _1 ; D * - B “ (A * ) _1 C * J 

31*21.14^M(r)= *SnT«J4Wsim P lec- 



\A-BB’(A‘) l C’C BB " (A * ) _1 1 
L - (A * ) _I C' C (A*)' 1 J 


tic 
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(i) II MU) II „<li 

(ii) S J. II C(l-A) 'fill <lo 

iEM: mMdirtnnm 

[/ - M~ U)M(z)]' 1 = 


A - BR ' (A ‘ UC* C 

- BB* (A ■ )-> 

: B 

( A * ) “' C “ C 

(A*)' 1 

0 

l -B*(A*)-'C*C 

- B* (A* )“' 

i /_ 


[ i - m ( z ) m (z) ] 1 ft m la hi * or & mim * nr 

&»«& = 

*ifc,ffl£iiE£,(gi& A = e' s M/ - M'(z)MCz)]" 1 69—4- 

mtl£ <4 = 

Lq 2 J 

_„|-A-BB*(A') ’C*C -Bfi-(A ■)■']_ 

(a ") 1 r^ q 

4itt?rfi=oi. 

[?f A + ? 2 * (A * )~‘ C * C qi (A*) -1 ] =■ e> ( [ 5l * 92 *] 

WinTHWnlSg: 

1. 9 ,^ 0 o It « 2 -U-)-%^ 2 *JP Ag 2 -=e 

2. 92 = 0 o JS!l# ?1 *A = e-’V° 

-I 11" A - BB "(A*) _, C*C - BB * (A * ) 1 1 

^ (A * ) _1 C" C (A*)' 1 J X 



L (A ’ C* C 
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Kite s t5E#SEfiL 7 s -i£#-tirWJ:*# 

fiEfiS.ii.I.'fc 3(r~M“M) ’e^o.0 ®c{ZffiffiW 
II MU) l| „ < lfc=>(f - M" M) 1 e '| MCI) il < 1 

'I M<«) H 

UMOXl.W MU"):£T 0 0€ [0,2.0, 

<. m „(M(e' 0 )) = l o KJftSfcifir 1 £ M*(e '>" ) M (e'” ) «J — i&ftffl, 
(!tfW / -M’ (e J<, )M(e' e )*^lf-iW, j&JgU - M” M )~ 1 6 

aiitie 

7 *ift 0JJ BrSiK-5 W „ 

rjfe,— 


II M(z) II „ = sup<r(M(~)) 

Ml®** il MU) II „>ff(M(oo)) = II D I! „ &£ l| MU) l( „< 


1,JB / D * D >0a 

JWiifc&ttnrffi**,, 

«21.1 aO<«<l/2,fiS 



JNJ llM,U)ll „ = j-^<l,fil- D*D=0 o -Ms.fMe 


■*-£*£. II Mil „<l,jfl| l-D'D 
SIS21.15S: MU> = “ e || M 

-S-ttS N ( i ) e^„,K II N(z) II „<!,gs 


SIS 21.15 SM(t)=| 


e ii mu) il ,<i, a 


□ 
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N(z) 


TA 4 B{1 - D* D) l D*C BU - D* D) 112 
(1 - DD* ) 1/2 C 0 


_ E ; B _ 

-c i 0- 

TjERS : 17.4c C 

^3^21.16 4“ MU) - je^„,3EA 

E: = A + B(I - D* D )~ l D* C 
G: — - B( I - D* D) 1 B* 

Q: - C* (I ~ DD * ) 1 C 
E simplectic 

s = TE + G(E* )- x Q - G(E* ) 1 1 

I- - (e* ) _1 g (e* ) 1 J 

(a) || MU) II „<lt 

<b) S t3cW&i&,m± I C( I - A) l B^| <1; 

(c) 3X^QM#/-D‘D B “ XB > 0, FI 

E * XE X - E * XG ( 1 *■ XG) 1 XE i Q = 0 
#*U + GX) l E 
X>0 o 

(d) 3X>Of^/-D*D-B 4 XR>0,ft 

E * XE - X - E* XG (I + XG ) 1 XE + Q <0 
Ce) 3X>0M 


p Bi-rx op bi rx o, 
L c d J Lo iJ l c d J Lo / J 
(o rim 


'TAT 1 

TBy 

1- 1 

|[ T °1 

r A 

B l[ 

CT -i 

15 J, 

I" 1 

' U i J 

Lc 

dJL 
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(g) xiX 

*:={[^ °U< 

U o aJ 


,a,gi 




o* t™ + />> 


tM(*)3&^x,n^,]iSA*«x„ A€A f 


*T , 


>(G ol] 


<lo 


Riccau : 

A # XA - X + (B* XA + D f C)* (I D*D-B*X£) t 
(B* XA + D* C) 4- C* C = 0 

fiEBU: 


(a)^(b) if 3IS 21.14 ISfiEo 

(a)=>(g) U.7f#iIE c 

(g)^(f) Il.5f#iiEo 

(f)=>(e) 4" X= T* Tt|i£ 0 

(e)=>(d) ^ Schur 

(d)=>(o mfem i3.li mmw* 

(c)^(a) &uED = 0 *^|J1 21. 15 W& DA-Q ft 

= 0 SlJt.TM Er a,G= -BB\Q 

= C*Co 

X>0 iPU£(c) e *t = e* 

<* !/ - A*)X{*/ - A) + U " 1 1 - A * )XA H- 
A # XU/ - A) a X - A* XA = C* C + 

A“XB(r — E*XE)- J E"X4 

Riccali A® M R 17, £ * ( 2 _1 J - A ) “ 1 AE 

*^ku/- a)~ i b 

1 - M* (z l )M{x) = W* ( z ')W(z) 


wu) 


[</■ 


. A . B 

■U - B ' XB )~ lll B ' XA - (I - B’XB)' 

8 W(e ,s )»=0p £ ri¥=U,M'l e? 6 % W( z-) 


y/2 j 




#- if] lb ii 
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A h B(I - B’ XB) 1 B * XA = (I - BB'X) 1 A 

PMt&IS.ZtPJiR <?€ [0,2*],/ - M‘ (e~ J<> ) M (e* 6 ) > 0, 
ll M )| ,„ < 1 „ □ 

W * £ M T ( C ) => (a ) M HE m ir ft- # l& 116 ffi HJ3 *B T K-* W m 
So 

*21.17 t = X = X*?ii£ 

A " XA ~ X + A ' XB({ - B ’ XB)~‘ B * XA + C C = 0 


I - M' [z-')M(z) w W'(z 1 ) C J - B r XB)W(z) 


#3-,T£famf&iL: 

O) 3f 1 ~ B * XB >0(<0), JM !l M{r) ? „<1(>1); 

(2) S ; /-B , Xii>0(<0)5.a,l(/-BB*A') *>A!,.^1, JJ!) 

i: mu)ji „<ioi), 

a 21.4 JnlHliSaBd'l'HlMtt®,^a 21 .16 I^KKatwaAfti^ffra 


21.5 fcPEHifcjMje 


21 . 5.1 torn® 

ft,v( z )H5(# 
= JV* ( = )N(e) = J. itjtSlj N* ((J 0 ) = iV' (e " 5 ) a 
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mm 21.18 ^ n = 


f A i fi Uetx=x'»£ 

Lc ! dJ 


A*XA-X+C"C = 0 


w 

(a) D*C+B*XA=0,S¥|S# N' A'= D" D + B * XB ; 

(b) A i»^,(A,B)oia,iaS. N'N = D*D+B*XB,®!ft 
S? D* C + B* XA=0 o 

ffiW: ffiaai 

N~ (z)N(z) — (D' + - A*)-‘C“ ) 


(D + C(zl - A)~‘B) - 
D'D + D* C<z/ - A) ’B + 

B*u - A' )~ l C‘ D + 

B*(z ’/ - A* )-‘C* C(*I - A) 'B 


#C*C = X-A*XA 

N~ (z)N(z) = D* D + B" XB + 

(D‘ C + B " XA) (zi - A) 1 B + 

B* (z _1 i - A" )-‘(C’ D + A* XB) 


□ 





X = X*>0,«1# 

(a) A*XA -X + C" C‘ = 0 

(b) B* C + B* XA =0 

(c) D’D + B* XB = / 

8 21.20 4- N(*>= [^4^]e^»,IF- T, 
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TAT - 1 TB . 
p - -• j 


,p* p = / 


CT -i 

JM SWlft T #£ 0 

iiHRB: &^fP*P=/^ 

r a ■ 


s:ir r ,r c *]=r r ,j 

,]-■ 


L iT 

^ x = t* rjij 

r A* XA - X + C* C A* XB + C* D 
L B * XA + D * C B*XB + D*D- 

jSL&ffim&i&Jrm,# n 

M,JIDJ x>0. □ 

, £ 21.19 WJH3f£# iB*h ft @ ? AU ^ffift n 

3! a 21.21 

$!]##“ px (p - m)ttft S^FtCIK) N_ 
TA: VI 

l c : ' z J 


N ; (sr) 


y^z$t£ 


a*xy + c*z = o 

B * XY + D * Z = 0 

z * z + y * xy = i 


( 21 . 21 ) 

( 21 . 22 ) 

(21,23) 


N 


f A Y ] 

LCD Z J 


□ 


ilffi: ffi*I JV 

2i.i9 

21 . 5.2 

mu>,n( 
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U(z)N(z) + V(z)M(z) = I 

m&ttM G = NM- 1 VX&-ttffima t ftB G = M~ l N,#^ 

u,v, D, ve-ay^ittje 


r v i/i 

r JVf 

- U1 

L - N M J 

Lv 

V j 


JMIfc G(z)=Mr«..£*S*4*. 

awww*®«^,ji#&TiE^a c t i ^aj 0 

®a21.22 4 - g( z )= [^1 ® ]*-bj®s i>n#w^ai c i 1 ' 

«i-a»A + BF»A + iC»J*a®. gX U,V,U,V,N, 
M,N ,M iPT: 


I’M 

Lv 

|?1: 

L v J 


]- 


“.A +- BF 
F 

_C + DF 
A ■+ BF 
F 

- (C + F>F) 


£2 r ] 

Z r 
DZ, 

LZ/ 

0 

Z f 1 J 


I'M! f A + LC 

L 

B + LD 1 

L/v J : “ L Z,C 

Zi 

Z/D J 


r u i 

rA 4 FC ; 

U : 

L Z/’F I 


; l 
o 


- (£ + LD)- 
Z7 l 


n* ZrWZt&ftttttammo MG = NM 1 — M L N^^rJ^ 

Sz^flfo ^ G(z)€ — 
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(A, B) *T rtii M 0 € [ 0 T 2r], 

D J 

mm n 
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mm 21 . 

23 1! 

F A -e*J 

B 1 

L C 

dJ 

G = 

NM 


f M U 

“A + BF ■ BR 1/2 ~ 

F . R 1/2 

L N J 

_C + DF : DR -1 ' 2 , 


R = D* D + B* XB 
F = - R~ l {B* XA + D* C) 

m x=x*>gmvxt jsmMm-mfcM: 

A nX ( / + B(D* D)~ l B* X) ' A n - X + C* 
3£M A D : = A - F(D * D) _1 D * C 0 

*M3I£I21.2U 21.23 N 

f A + RF . Y 


h D D* C 


0 


N, = 


-C + DF 


K4 3 VifozfltJ&L 


A * XY + C* Z = 0 

+ d*z = o 

z*z + y‘xx = i 

ft* Y mz ftm&x -5 f UfoGWUct 

a 21.5 ft G(*) €-*■*»,JflIJH3I21.23 M 

G = N(M -1 )^ —v' 
Riccati 

\ A :B 1 

O: = 


21.24 


G(; 


h.(a,b)3trt&£ 


Lc dj 

g = nm L mm m ^ 
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I M L 
i n y 



R - I + B* XD 
F = - R~'B* XA 


m x~x*>o 

A* X( I + B£J* X)"'A - X = 0 

JSiL 

Af~ M + N~ iV = / 

sp^I 

*■ N J 

ustent,—sajsias;##? g = m '.v,s;Sf iv ]*—n 

hF mffiW SUT*?iS, 

$38 21.25 4- G M- -t&myv 





R = 1 + D' D > 0 ,R = I + DD* > 0 


(a) <Htt(A .B)*fnr«$,ffl(C, A)##.{iW| I.S^F »lf 3Bft®| 

«3S,JJ!!#*-iEaft,*S®HS;4E#F G = NM ' 1 


A + BF ; FZ 11 



LC + DF ; DZ 12 


6 
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Z = R t- B* XD 
F - - Z'-'iB* XA + D* C) 

ffi X = X*>0 

A‘X(I + BR 1 B * X) -1 A„ - X + C'R 'C = 0 
A„ : =A-BR 1 D " Co 

g = m _! n. 


+ lc 

; L 

B + LDl 

L z 1/2 c 

\ 2~wi 

z 1/2 d J 


Z = R + CYC • 

L = - (BD * + AYC“ )Z _I 

m y= 

A„YU + C'R-’CYJ-'A,; - Y + BR-‘B * = 0 
K+A„: = A-BD*R ‘Co 

(c) [ ]fi9^Ti£14 Gramian 56 P nj jffiSItt Gramian S' 

n O* 

P = (I + YX)~' Y,Q = X 

W[M Gramian P #1BT « 98H4 Gramian 

Q * 

R = Y,Q = (I + XY) 'X 

21.5.3 jgHiSiSMS 

t i&eifi t -m&m m fa eg w & „ 

Sa 21.26 fia G(z) ; = [^4^ ] 6 ^ „ , Ifff 7 > |j G(z) I! 
MW#—ffii0qfSt$g|S£ MG =/?=#„gM# M*M = y 2 /—G*G_tl 

M _, e=«rf„o m ati—icgsjtj 
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f A : B - 

M( z) = | ■ ■ ■ ■ i 

L- r'* 2 f : R' 2 J 

R d = 7 2 / - Z>* J> 

J? = - B * XB 

F = (i? Lf - B* XB) ~’<B*XA + D*C) 

US X = X*>0 

A/XCJ - BR^B'XT'A, - X + CM/ + DJS^D* )C = 0 
i*M A,: = A + BR^D' C. 

sa 21.27 « G(z): = £ J* ] C v. «... % - Vi $ I* » »• W, D 

**?«&,i9,G(e J ‘ e )G*(e' 9 )>0o S&JR 

ft M€ .=*=¥„, ffiffl M'M= GG' . &-felft—'MCSt* 


3t + 

B w = APC* + BD' 

D wBw ~~ B)D 4 

C w = D W (DD* r l (C - BwXA) 

it® P 

APA * - P + BB * = 0 

A*XA -X 4 (C - B ^XA ) 4 (DD 4 ) “ 1 ( C -B^) - 0 

2i.6 

S W _t ft ife & It», ft £ a it Ett 11H sS %■ m H M nj Itfft % -ft 

twra Rkcati —r- S i m - 
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Hamilton TO# A 

S = L, % 

jia^ rjr; = ljl: 


H\f , S '}•] —* simplecrtic y 

wmmR, + 

H, = (R s + L s ) 1 (i^ - L s ) 

%VEJ 1 rrj = rr ,fifc H & — Hamilton &Mo JfcR¥4*l# 



iSI A 

*'[£h L -[£) (rtA,(i - A> ' 

t js w si r xt/« ^ ^ & p ^ m «-fewffiffl iw @ w * ^ 

Wo £-«f-$MEttluJIt®ffiM>S /S ££ * $ K B}fa] Eiccan jjSfnj®, 

flfl! * Offiah T-HMStSH^-fe 

_ 2 _ 0 - 1 ) (1 + shjl) 

1 " A (z + 1)' z (1 - .(A/2) 

ifss.&M h 10.2 

t?)o 


H(z) = I A D 

L C ■ D J 


,#j 
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1 1 + shj 2 \ 
U - shf2) 


-f(A - /)(A + I)"' . ~=(.A+ir'H 

h v h 


V k 


H 


-- -C(A+n - 1 D - GCA + /)■’« i 


I 



m &.%■», rt—*(- b £ w isj is „ 

*fa*,H a nkei mmmtm 

a> 0 m, ¥«*««#?* j 2 fiwwi«i. 

««±i6 SrftJSWJS 

n mm , x* #* ra s iftj m # m m n & * m w n „ 
21.7 ftffclltfpiM 2 gEf&| 
^mDymmmmmmUc 


a 



^aaa®i^ g «***£ ht*^: 



•<AI) (A,a 2 )*Br«jE,a(C,,A)»tirift«j! 
<A2) n u %mffi%k,[D 12 D 
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A — e*I jy i 

(A3) WflEjtEflG[0,2*], 1 


K II T,„ II 2 = 


A t : — A B 2 D| 2 C*j» Ay : —■ A — 31D21C2 

iS x 2 >o fn r 2 >0 j&inT Riccati 

a;</ + X 2 B 2 B 2 )-'X 2 A* - X 2 + Cl* D ± D ’ c, = 0 

a v (r + y 2 c 2 * c 2 )'' y 2 a; - y 2 + b^i d b i = o 
a*,**a(A 3 )w(A 4 )jsijit«sif#So a, * 

A v JT"! 1*3 in simplectic 3g Fj^ : 

[A, + B 1 B 2 '(A‘ )"'C,*D ± DT c 2 - B,tt 2 *(A;) r 


tf 2 : = 


- (A * ) -1 Ci* Dj_ D1 C 2 

a; + a c 2 Ay i B,b^ d L b; 


(a; )-> 



- A^'B^l 6 b; 


se* 


R*: = I + B 2 *X 2 B 2 

F 2 : =- U + B 2 * X 2 B 2 ) '(B 2 ”X 2 A + D, 2 Cj) 
F a -. =- (1 + B 2 ‘ X 2 B 2 )-'(B 2 'X 2 B 1 + Di'jDn) 
L 2 : = - (AY 2 C 2 * + B,D 2 r )(/ + C 2 Y 2 C 2 ‘ )'< 
L 0 : = <F 2 Y 2 C 2 * - F 0 D 21 )U + C 2 Y 2 C 2 * I' 1 


Af 2 : = A + B 2 F 2 ,C 1Fi ; = C, + D l2 F 2 
Aj. 2 : = A + Z- 2 C 2 ,B 12i2 : = Bj +■ L 2 D 2 -. 
A 2 » ~ A 1 B 2 F 2 + B 2 C 2 
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G c (z): 

r 


a *\ 

cTf" 


, Al -2 

G/U): ' Rnuc'i F 2 ) 

2i.28 


Bi + B 2 F 0 
D n + D 12 F 0 J 

R^(L 0 D 21 



.A, B 2 L„C 2 \ - <L 2 ihU.)' 

K,>/« z L F 2 - L()C 2 i La J 

M. min II T .. l . \ 2 = II G e II 2 + II (’J II S c 

a 21.6 gu> = Lc' i ol e ^ 2,BI 


i+gjt; <=tfj 

II G(ar) II 2 — Tracel D* D + B* LJ5 1 = Trace! DD + CL t C 1 
S4 3 B c ill.. iJ-SJJ'-rnli&ISftlBj'Xftiffil'ft Gramian&W: 

AL C A * - L c + BB ' - 0 
A* L„A -L„+ CC = 0 

a*®) x 2 m V 2 flSfi*-g 

Af 2 X 2 A f j - X 2 + C'jj^Cu.-^ = 0 
A Li Y 2 Al 2 — Y 2 + B tLi BiL 2 - 0 
min II T™, || 1 = mu a 

|| G t . || l = Tracel (D u + D 12 F 0 )‘(D I1 + D t2 F 0 ) + 

(Bj + D 2 Fo)'X 2 (B 1 + D 2 F„)I 

w 

|| G/ II 2 = TraceRjCLoG,, - F 0 )(L„D 2I - F 0 )‘ + 
(L„C 2 - F 2 )Y 2 (L a C 2 - F 2 )* ! 

SERB: J»liaW»i£» 

*(* + 1) = ArU) + B,w(*) + B 2 u(i) (21.25) 
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z(k) = C { r(k) + D tl w(£) 4 D 13 wU) (21.26) 


(21.27) 


y(&) ' (V*(£) + 77 21 tL'(^) 


g^C n = u F 2 : r- F ( , w , w , y 3=U * 



= G c :w + URfy 2 ); 


Af, F 2 R/ 1 1 ' 2 j 


U(~) : 



L' V MW T w *S*Alw S'Jv 


r. :7( , - g, + ur 1 J 2 t v . 


Ji 


II t €W !J 2 ~ :i G t II 1 4- || Rfr VK \i 


J c t II; 


« = F 2 X + F 0 ti> , J«| T„ * 0 M II T SH . IJ 3 = ]] :i 2;t & u - F 2 j: 


y = i; T .^, 7; w - f, ( g, , k ) 


j" A /»j B 2 ] 


G„ = 2 Ffl J 



C* F ai 0 


y 



m a - b 2 (-f 2 )=a + h 2 f 2 

±&M(fc)M mz m&jgL&m, g,< ssc77-^arm mssj 



r A + F 2 F 2 

0 

[/ 

- f 2 r 

K - F,(Af, t K FC ),M f = 


0 

[0 

r 


_ c 2 

/ 

[0 

OJ _ 
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r A 

Ft 

1 / 

01 1 

G„ = - F, 

F 0 

LO 

'/] ! 

L c. 

D 2l 

[0 

0] 


T_- F^C^FfiM^Kyc)) "F,( ^,Kk:)= Wilt 

?i/2rr. 


min l| T.„, | ! - || ,1 ; + min II R )j 2 F t ( G > , K FC ) l| ; 

K “ 


/E X 


67; = 


if;/ 2 o' 

- o 



"i 

0 

0 I 

]<h 

0 

J 

0 


0 

0 

r: 1:2 




r a 

B ' 

i / 

0] 1 

I - k '„ ,7 - f 2 - 


" r 0 

/J I 

L g 2 ! 

J-^21 

[0 

OlJ 

*«■ ■ i: 

0 1 
«H K 

FC 



Fj/ Z FAG V ,K F( ,) - F ; { G y , K f<r ) 


min | Rl! 2 Fi{G v , K fc ) il 2 = min || F/ ( G._ , Ki C ) 'I 2 
H F/G. M 

ii f ; (g.,k fc ) ii j k FC ■- 

L, 


R'-L a \ 


WiifcW 


F, 


1 
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min II T.„ 1} § = II G c II 2 2 + II G/II \ 


k = 4 ,, -S) 


L 2 - B 2 L 0 1 

Lo -I 


rA + B 2 F 2 + B 2 C 2 B 2 LoC 2 
L — 7^2 + BqC 2 

d u = o,^*s:wibi 

fftSCH-m 21.6=prfff^D9jK 

21.8 Wtfc¥fM£3fP¥l5fr 


— ^mvEw a 

G(z),#m&mnTgm-. 


G(z) ' [<• d\ & ,a ' :# “ 


4- P » Q : 

APA * - P + P£ # <0 
A*QA-Q + C*C<0 

**-)&«*, 

r2i 0 


Q 


= [ 1 
L 0 £ 2 J 




(21.28) 

(21.29) 


' diagttfj 1^ t 02 I ,, , ■■•, cr,/, ) ^ 0 
^2 ' diag(tr r+1 7^ ,(J r+2 I s ,-",j w / r )^Q 
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s&tte, mnmo p 

mo,** 



A u 

A 12 


G( ir) = 

A 21 

A 22 

b 2 


_Ci 

£2 

D 


mm 21.29 m A n %mmtfio 

SEW: fM8 2i>0 o *^(21.29)^ 

A,\Z,A n I, 1 A^Z 7 A 21 ~ C,‘Q «S 0 (21.30) 

sai 

A,!* = Ai (21.31) 

ax x'&m.ax x **jt(2i.3o).# 

(I A l 2 - 1)^ * 2].r + .r * A 2 ',5 2 A 2 1 J- + x * C,‘ C,_r < 0 

a«.ui<i 0 fs?riAi -i.MSn.xt* o.a = ,jnu 

A 21 -x = 0, Ci x — 0 

^^(21.31)^# 
r a 11 a 1 


C SIKM ;] 


*21 ^22 J 

a #la u * 

aflS& 

(21.28)HJ^J« 

An -2 1 An — -Si +■ B 1B1 An^jAji + B iB 2 n 

< 0 

A 2 i^iA N -f B 2 Bi A21 ^!A21 + J 

A 11 -S 1 Aj! — X] + B l B{ <0 (21.32) 

SJ 


A 21 .2 1 A 21 + B 2 -B 2 * ^ 0 


(21.33) 
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A 2 , = 0 ,B 2 = 0 
' 1, A 12 1 

A - , 

L 0 A,J 


#It£: A 

A n Si A i i - £i + Ci Cj -A- 0 

Anrtfc j&mxt=p Xi >0 (21.28) 

( 21 . 29 )f, jiffifiEWT^flTsrujtflia z 2 >o w**—j&te* □ 

a 2i.7 

_ M n ; B i] 

L Cl : D -I 

An^Ai* - + A l3 ^ 2 Ar 2 + f?,#; co 

An-Si An — -^t An S 2 A 21 "*" C( C[ v- 0 

Ai]2iAu^ J Z] + J B|15 1 * 0 

Ai i 2 1 A n - 21 + C\ Cj 0 C? 

mm 21 .so *m g, = ["';' B '} ,j»j n o - o r n „<2 ^ „ t .# 

*- C i : ZJ J . iii 


Slut II Gil „< || D | + 2S«J, c 

I - 1 

jiKffi,ea <r„ = i,#itEHjx\fT x 2 = oj = i 
II G - G r II „ < 2 ,r = n - l 

G r to®¥*W,WUJliti±i££'IStfEfnjx 


C t«S-M(2L.28)fli(2l.29)t0|Sj&fl=P#ji: e 
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mtWim.&fc A— X|' 2 *Ti£WTIISW# 

wtiSsesCE-ft-ticfc# x,* II x II < 1 , vat #1*2. % a. m 

SmS-TEE*,®# l| X|| 

r*e ii sg * as, *j-ft «&, 

[A T*a,«[^]*KW6tJo 

in® 2i.3i o w--T-3;a!!i«/SB= Q = di ag 

|A 2 ,/|,M 

A *A l2 A -1 A!iA A _i B,l 
A 22 A A 2 i B 2 J 

A 2i A 1 A 2 2 

AA n A -1 A A i 2 
_ C,A" 1 C 2 _ 

SEW: BP=[ A ”]*ST^( 21 . 28 ),ifc-t 


[ p 

°i 


Lo 

/J 

I Lb * J 


[A B. 


ep[j 3 112 ap' 12 p w 

[P i, 2 AP i/2 P~ llz B ] 


A : A 12 A 1 A j! A 


“0 

I 

0“ 



/ 

0 

0 

_ A 22 A A 21 

b 2 1 

-0 


0 

/ 


a* 


A _1 A 12 A ‘A tl A A 'Uj' 
_ 22A A 2l 


B; 
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319 21.32 X= [ 

'Xn 

■ Z 

x 12 1 

*> r 

_ r Y “ 

L y 2 i 

cr#H*w),iw 

0 

A x " 

x 12 

M ^ 

iy 

n Y ' 

2 

i x 
^ 22 


Yix 

Tl Y * 

0 


ffiffi : #m r m■. 



0 

J_ Y 

V2 X “ 

X,2 

A x “ 

M, a 

J_y 

V2 Y " 

z 

J_ x 

V2 X2J 

0 


y 2 i 

k Y * 

0 

_Ly 

V2 22 


iy 

L/2 “ 

0 

- ix, 2 

V2 " 

- Z 


</,BP M d 



w.&mnmtew±&%im a 

£38 21.30 MffiE&iftSI 


r zv i 2 

: Bjl 

'A.. 

0 

B i 

G r - ---;- 

- = 

0 

0 

0 

L Ci 

: D J 


0 

D 


siit 


□ 
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mm 





A 11 

0 0 


0 

ti B ' 




0 

0 0 


0 

0 

2 ( ° ~ ° r) 



0 

0 A h 

-A 12 

A Bi 

“ 









0 

0 A 2 i 

j 

\ 22 





i C L 

0 -Lc, 

J-r 

1 r— ^2 

0 



L 

42 1 

42 

42 









A 

0 A 

0“ 






0 

- 1 0 

I 




T = 


A -1 

0 A -1 

0 






_ 0 

I 0 

I_ 







- G r ) = 




AA„A _1 

2 AA 

12 

0 

2 AA 12 

0 

\a 2 iA 1 

1 

2 

A 22 

\ A ™ A 

1 

2 ' 

A 22 

2* 

0 

t a 

i 

^12 ^ 

\ _1 A n A 

l A 

! Ai2 

| A“'B 

2 AilA ‘ 

1 

2 

A 22 

-y A 2 tA 

1 

2 

A 22 

| 

C, A 1 

1 

2 

“C 

2 

0 

1 

2 

■Cj 

0 
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0 
0 

/ 0 
0 




±t 


n 

U) 0 


I O' 
0 0 
0 0 
0 0 
0 I- 


M d 


0 0 0 
-pJ 0 ~r l 

n 42 


(21.34) 


0 

A A " A " 

A-'Aj.A 

A -1 !^ 

> A " 

A 22 

is A2,A 

TtB, 
V2 " 

AA„A-' 

^ AA ' 2 

0 

0 

C^A -1 

f2 Cl 

0 

0 


(21.35) 

m fffiffi m | ( g - o r ) flu & »^ *■- # » & #* a m w, jm m #« 

H 21.16 WCaJ^HCgJnlftl^SafiUio HiS (21.34) 6<J*ASfil£ 


Z = A 2 2,X n 

X U | 

X 22 J 


iA-‘A 1! ,y 11 .i All A- 


'A _I A U A A-'B^ 
4a 21 a -^b 2 ■ 

LV2 V2 J 
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V’ 22 ] = 

AA U A 1 

-pAA !2 
42 


C,A ■' 

-^C 2 

v 2 


mmm 2 i. 3 i 21.32 ^□ 

21.9 


ft# aw « iEMiktis.% h ie ®» 


*^a2L.25,5r»,#s- 

g = nm 

51 a 21.33 ^ «, = /YJyT) .11] f M ] M Hankel -#^{6* 

ijV J 


SEfflrH 



o? = /.,(PQ) 


A,(yx) 

1 + A,( YX) 


a a,< yx»o,&5ia^ifeaffi 0 



^41II] = diag[ n,/,,■■■, v r l, ] >0 q 


l®Xt J&m G ftl*g(5£ F : 


□ 
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G= A 2l A 22 \ Bi\ F = [F : F 2 ] 



_ C 1 C-2 '• D \ 


MfSi'ffcSiSBjS 



fA u + B.F, j BiZ-’;' 2 ' 


F ; I Z" 1 ' 2 6 ^ 

C, + DF : : DZ 1,2 _ 





2 2 


1 V 1 + V : 


aw : ww 


□ 


a 21.8 njaaistt*; x *np #^8t— 


Y W Riceati 


N,flS«cW(B)fi9mfcS8SB^;i&W : ^*iEa'ft&5l. ♦$.L,nriM 

S— 

3IH 21.35 4> N( k )6 «*=¥«, w—sea# 



1AMM. ffiift#* x=x*><>«*# 

rA*XA-X+C"C A*XB+C*D 1 
I- B " XA + D * C B*Xfl + D*D-/J 

w nbp N-N = i 0 am,®®** 



(21.36) 
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m 


X = 2 = 


'2, 0 

.0 2 2 . 


A2A * - 2 + BB* = 0 


N r = 


^L1 

B[ ] 

_c t 

D_J 


N;N r </ o 

iEM: U* 

L/=[ [f ° : °] 

^ 0 I J 

U + ^r3fe^;C21.36) ( f# 

^lJ^l^ll + Cl ( ] 4 ^21^2^21 Ai]2\B\ 1 (Y D + j42| 2 ^2 "j 

. B; 2,A n + D* a; I 2 j 4 21 Br^B, + D*D - J + B 2 * Z 2 B 2 : 
= 0 

A^j^iAn — 2j -+- Gi Cj An^j/Y + Cj" D 

_ B? 2tA u + D # Cj £,£*, + D*D - 7_ 


Wi 

Lb;. 


'A/i 

B 2 m j 




An 

sr 

*r2, 

Oj “ 

. t'j 

D 

L 0 

J J _ 


s£0 


$ T = 2{ /2 ,J(!i 


7A,,r 1 TB 1 
CiT" 1 D . 


< 1 
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\Ai i] 

HP II N, II „<U &.&,% , ! 2 2 = 0.W N r (Ja«tJ5t 

LB2 j 

«!*#)„ □ 

21.10 

Riccati 7rgM£6S*£ffiT Kucera[ 1972 ] W Moli- 
nari[1975]Ml#o A *itr#$£|SW WWffiCfCSfc Riccati 

Arnold W Laub[1984] .Dooren] 1981 ]&!£##*: 

K't’ssiic chut 1988 

HiCfrflBfillj Meyer [1990]#! Walkcrl 1990] $EWj „ X#. Stoor- 
vogel[ 1992 ], Limebeer, Green ffl Walker [ 1989 ] i’J. Ik Iglesias 
Glove r[ 1991 ] J# IW fa] =#„£> i&J P] gg ftt # ffil # it=. 
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tfAlelfi## 

input return difference matrix 

154 


input kx>p transfer matrix 

153 

SrA^jfeiJriSj 

input zero direction 

168 

&AM&® 

input sensitivity 

154 


input-output stability 

465 


input factorization 

169 


mil-off rate 

170 

5tSJS0^HW 

double ooprime factorization 

149 
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Toepiits Jg p£ 

Toeplitz matrix 

234 

ToepKtz#^ 

Toeplitz operator 

231 


inverse of a transfer function 

81 

iHffl&FJS 

regulator problem 

419 


graph topology 

555 
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*h®P¥ 

outer 

411,615 


pseudo-inverse 

47 


stable invariant subspare 36 
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stability 

62 


stability margin 


LQG, Hj 

LQG, Ji A 
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Unstructured uncertainty 

245 
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^ttAf^®ii1?^(LQR) 

linear quadratic regulator(LQR) 

42 J 


linear fractional transforma Lion ( LbT) 

281 


relative approximation 
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relative tntidel reduction 
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phase margin 

272 


small gain theorem 

250 


skewed performance specification 
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4B.1H 

star product 

302 



# •£# 


JittgT/viWiit^d^n/vibb^ 

665 




Youia m&ik 

mm 

r*&mm 

rfoiE%{spR) 

ftwwm 

mnm 

irw 


r r £ 

Mft&M 

IEM& 

lEgO’R) 

^ t>#¥ 

&mrm*im 

±1»]&£J! 

^EftS 

^ 2 &m 


performance limitation 167 

cyclic matrix 29,76 
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YouU parameterization 

350,363,523 

contraction 

467 

strictly contraction 

467 

strictly positive real (SPR) 

405 

rigbt-eoprrme factorisation (ref) 

149 

structured uncertainty 

307 

bounded real function 

405 

discrete time 

609 

bounded real lemma 

405 

discrete time 

609 

unitary matrix 

27 

unitary dilation 

532 
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gain margin 

272 

tradeoff 

167 

stabilizing controller 

339 

positive semisimple 

591 

positive (semi-)definite matrix 

47 

normalized ooprime factorization 

4J5 

,oop shaping 

544 

normal rank 

96 

orthogonal complement 

26,114 

orthogonal projection theorem 

115 

positive real (PE) 

405 

central solution 


control 

472 

matrix dilation problem 

54 

main loop theorem 

320 

transition matrix 

58 

state feedback 


«=#a» control 

529 

^2 control 

438 

state space realization 

74,82 
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slate transiiion matrix 

58 

S#ST- 

wilf-adjoint operator 

115 


max-nun problem 

459 


minimum entropy controller 

501 


minimal realization 

S3 


minimax problem 

459 

flfcffc I lank cl f£$fciii£r 

optimal Han ltd norm approximation 

217 


optimization method 

584 

^Tf.®wJ:^jwck-f) 

lcfi ropi-line factorization (IcO 
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